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Abstract 
The construction industry (CI) in developing countries (DCs) faces multitude challenges 
confronting its improved performance and development. Similar to many developing countries, 
the Sudan faces severe problems in its construction sector which should be seriously addressed 
and eliminated. Problems related to building materials (BMs) production, supply and 
management tend to dominate the list of impediments to the development of the Sudanese 
Construction Industry (SCI). 
The main objective of this study is to conduct a comprehensive and elaborate review and 
analysis of the construction and building materials industries in the Sudan focusing on locally 
produced building materials and building technologies employed in the provision of housing. 
The research aimed to delineate the significance of the construction industry in the socio-
economic development in the Sudan and to assess the potentials of the country in self-
sufficiency of key building materials. It reviewed the status quo of the Sudanese Construction 
Industry (SCI) and the Sudanese Building Materials Industry (SBMI) by investigating the role of 
construction in the socio-economic development of the country. The study examined the 
causality relationship between construction and the economy as a whole and its subsectors 
employing statistical tests, namely the Granger causality test. Data pertaining to the 
performance of the Sudanese economy during 1982-2009 were employed for the analysis. The 
study explored the possibility of producing BMs locally in terms of raw materials availability and 
distribution. 
The underlying research demonstrated the role that innovation and technology transfer (TT) 
could possibly play in the adoption of appropriate materials and technologies. It examined the 
role of globalization, innovation and technology transfer in the development of the CI in the 
Sudan and the extent of its effectiveness. Case studies were helpful in understanding the 
mechanisms through which innovative and appropriate technologies are transferred. These 
case studies covered projects - involving transfer of technology - developed by; research 
institutes, governmental authorities, national and international NGOs, private sector companies 
and individual practitioners.  
The study attempted to evaluate the application of appropriate building materials and 
technologies for housing in the Sudan by reviewing research efforts in the field and highlighting 
the potential role that technology transfer could play. A comparative analysis, based on cost-
effectiveness and environmental impact, was performed to assess the appropriateness of 
selected building materials and technologies applied or recently introduced in the Sudan. 
Abstract ix 
 
Based on available literature, a generic model was proposed for the categorization of problems 
facing the SCI. The underlying research scrutinized the challenges facing the SCI and the SBMI 
and the factors affecting the utilization of local building materials (LBMs). It measured the 
relative importance of the factors influencing the development of the construction and building 
materials industries in the country. Ranking these factors forms a reference for the formulation 
of strategies and policies for the development of the CI to take its due place in the socio-
economic development of the nation. Moreover, the research indicated the interrelationship 
between these factors, whereby scenarios could be developed for the improvement of the 
construction sector performance. The study also examined the importance of the factors 
affecting successful transference of technology for the adoption of appropriate building 
materials and technologies. A questionnaire was constructed and circulated to different 
stakeholders of the SCI for the purpose of collecting primary data about the impediments to the 
development of the SCI and the SBMI. The research proposed a causality model to 
demonstrate how the successfulness of technology transfer is influenced by the level of 
awareness of the benefits associated with technology transfer. 
The subject study provided a set of recommendations for the purpose of attaining sustained 
development in the construction and building materials industries in the Sudan. Most of these 
recommendations are expected to be handled by the government and the professional intuitions 
jointly with other stakeholders of the SCI. The study also identified areas where further research 
is required. 
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1.1. Introduction 
The last few decades have brought a world that is far more urbanized with a much higher 
proportion living in large cities and metropolitan areas (UNCHS, 1996) resulting in extreme 
imbalance in the rural-urban population ratio (Tackle, 1983a). The world urban population has 
been estimated to be about 50% of the total population in 2010 (United Nations, 2008a). Many 
countries face major problems related to extended urbanization, which is very often 
accompanied by natural resources and environmental depletion. Indeed, the increase of the 
inhabitants of the globe and its urban population calls for more construction activities for 
housing. The construction industry (CI) plays a key role in socio-economic development. This 
issue has been addressed by various writers and international bodies, many of whom have 
focused on developing countries (DCs) (Turin, 1973; Moavenzadeh, 1978; Wells, 1986; Ofori, 
1993b; 1994b). However, in developing countries (DCs), the role of construction, in general, is 
far below the demand for shelter, infrastructure, and other amenities. Obviously, demand for 
housing, and subsequently the demand for building materials (BMs), is more critical in main 
urban centers (Hammond A. A., 1983). According to Wells (1986), construction activities for 
infrastructure and civil engineering, housing and buildings account for about 30%, 50% and 
20% of construction value respectively. Therefore, the focus on resolving the problems of the 
housing sector is paramount to the development of the CI in DCs. Building materials, which 
account for 50% - 80% of the total value of construction, form a key factor in the construction 
sector's response to the needs of human settlement (UNCHS, 1986). On the other hand, the 
appropriateness of BMs and alternative technologies is a crucial factor in the context of 
exploring the problems of building materials industry (BMI) in regard to the provision of housing. 
Reliance on imports dominates the list of problems of BMs in DCs. Many DCs also depend, to a 
large extent, on imported construction skills and machinery. Reliance on imported materials is 
attributed to the low competitiveness of locally-produced materials. Insufficient production, 
limited output, low quality and high costs are common characteristics of locally produced 
materials in DCs. The employment of inappropriate technologies being used in the production of 
BMs is responsible for the limited output and range of indigenous materials. Moreover, the 
limited ability of the traditional sector to make bulk purchases of inputs accompanied by limited 
access to capital and credits justify the small scale production of the sector (UNCHS, 1986). 
Since the end of 1990s, the Sudan, as a developing country, has experienced an observable 
improvement in its economic performance which is acknowledged to oil production. The 
average annual growth rate in real GDP during the last 10 years was estimated at about 7% 
(CBOS, 1994-2009). As a consequence of the improved economic performance and due to the 
limited supply of architectural space, demand for space and construction activities have grown 
significantly attempting to reach the equilibrium between demand and supply in the real estate 
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market, especially for housing. The output of the construction sector grew in real term by 5%, on 
average, during the past 10 years with a compound growth rate of 45.5%. The average share of 
the construction sector to the total GDP during the same period was about 4.7%. The boom in 
the construction sector has led to higher demand for construction products and materials 
production. Most of the key BMs were, and still are, imported from abroad, therefore, some 
production facilities have been established in an attempt to cover the shortage. 
Research in building materials and building technologies in the Sudan has started a couple of 
decades ago. In 1979 the Building and Road Research Institute (BRRI) at the University of 
Khartoum in collaboration with Battelle Institute in Germany carried out a comprehensive pilot 
study reviewing the general characteristics of the Sudanese Construction Industry (SCI) and the 
Sudanese Building Materials Industry (SBMI) (Battelle Institut, 1979). The study characterized 
the SBMI by; reliance on imports, centralization of manufacturing, under-utilization of available 
materials, delays in construction attributed to inefficient transport system, lack of adequate 
materials and very high prices of BMs. The objective of the study was to look for possibilities of 
satisfying the demand for BMs with appropriate domestic products. Unfortunately, the study has 
never been updated and its recommendations have never been implemented. Whilst, some 
researchers devoted their efforts towards investigating local materials and technologies such as 
building with earth (Fageiri, 1983; Adam & Alagib, 2001; 2002). Generally, research in BMs is 
very limited and most of the research findings and recommendations have not been applied 
and/or diffused successfully (Ahmed, 2007). 
1.2. Statement of the Problem 
The construction industry in developing countries is faced by many challenges impeding its 
development. This issue has been investigated extensively by international organizations 
(UNCHS, 1981; 1984; ILO, 1987; World Bank, 1984), as well as by researchers, academics and 
professionals (Turin, 1973; Moavenzadeh, 1978; Wells, 1986; Ofori, 1993b; 1994b). Many 
researchers have categorized the problems confronting the development of the CI in DCs (Ofori, 
1980; Al-Omari, 1992; Fox, Hills, Fong, Hon, & Skitmore, 2006). Almost all the researchers tend 
to consider the same set of factors but under different categories. Wells (1984) summarizes the 
problems confronting the CI in DCs as: limited local production of BMs; poor quality of locally-
produced materials; heavy reliance on imports; high and rising prices of BMs; lack of skilled 
labor; and low involvement of local contractors. 
There is a general consensus that most of these problems do exist in many DCs. However, 
setting strategies for the development of the CI is a country specific issue rather than a 
shopping list prescribed for all countries. Unfortunately, many DCs have not reviewed the quality 
and quantity of their construction industries (Gueli, 2007), therefore these industries remain 
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undeveloped. Ofori (1993b) argues that many DCs fail to develop their CIs because these 
problems are not prioritized. Thus, it is important for each country to identify areas which require 
more focus and urgent actions in order to develop the whole industry. 
Similar to many DCs, the Sudan faces severe problems in its construction sector including: high 
construction costs; costs overrun; delays; lack of skilled labor; and low quality of construction 
work. The relative importance of these problems and the interrelation among them has never 
been examined in depth. No doubt, prioritizing these problems and understanding the 
interaction between them is crucial for the development of the CI. 
The development of local building materials (LBMs) remains frequently among the challenges of 
construction industry development (CID) in DCs (UNCHS, 1988). In DCs where the informal 
sector dominates in the provision of housing for middle and low income classes (de Bustillos L. 
A., 2007), building materials represent one of the main issues to be considered. Therefore, the 
search for alternative materials and building technologies affordable for the middle and low 
income classes is assumed to be one of the possible solutions to the provision of urban housing 
as for rural housing too. In theory, it should be possible for countries to overcome the problems 
caused by high costs and scarcity of imported BMs by replacing them with traditional LBMs 
(UNCHS, 1986). Therefore, the development of locally produced materials is required for 
improving the capacity of the construction sector in order to take its due place in the socio-
economic development of the nation. In this regard, assessing the potentials of producing 
materials locally is paramount to the development of the SBMI. The Sudan is known to be rich 
by natural resources required for the production of many BMs, but their exploitation has been 
severely hindered by: weak economic infrastructure; harsh climate; the enormous size of the 
country; and many years of political instability (ITDG, 1990). 
Generally, the selection of BMs in the Sudan is determined by their initial prices rather than 
considering the running costs attributed to those materials and their characteristics and impact 
on the environment throughout the entire life cycle of buildings. Appropriate materials should be 
locally available, less energy-intensive and possess positive environmental features. The 
inclusion of such criteria in the adoption of appropriate materials will be a step towards the 
fulfillment of sustainability principles in construction.  
Technology transfer (TT) develops a construction industry’s technical capability which is very 
important and in the interest of many DCs (Carrilo, 1994). Watermeyer (2001) recommends 
DCs to develop appropriate technologies in order to succeed in their endeavors to change the 
status quo of their CIs. Ofori (1994b) argues that the success of DCs in adopting appropriate 
materials and technologies is limited despite the considerable amount of researches conducted 
on the development of materials and technologies. This could be attributed to the 
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ineffectiveness of disseminating knowledge about and transference of those technologies. 
Indeed, technology transfer (TT) could be exploited for the purpose of developing the CI in DCs 
as well as adopting appropriate and affordable technologies and building materials (Egmond, 
2004). Hayles and Kooloos (2008) summarize the challenges which DCs face, in regard to the 
choice of technology, as combining locally sourced, sustainable materials with appropriate and 
sustainable new technologies that innovatively respond to construction needs. In DCs, many 
technologies remain undersupplied and are not adopted despite being promising (Egmond & 
Erkelens, 2008). Many problems hinder the process of transferring successful technologies in 
building to DCs. The factors influencing successful TT in the Sudan have never been 
investigated. 
According to Ofori (1994c), programs for construction industry development (CID) should 
pursue various approaches – self-reliance, imports substitution, development and use of 
appropriate technologies and technology transfer – together. Therefore, in order to develop the 
Sudanese Construction Industry (SCI) it is important to understand the interrelationship 
between the factors affecting the industry in general and the factors which influence the 
development of LBMs. Therefore, the industry desperately needs to assess its potentials for 
development as well as identifying the main hindrances to sustained development. In the era of 
globalization exploiting TT is a possible way for the development of the indigenous CI of a 
country. Thus, understanding the factors influencing the successful transference of technologies 
will help overcoming many of the problems of the construction sector. 
1.3. Research Questions 
The subject study is concerned with investigating specific aspects of the SCI and the production 
and application of BMs. The study emphasizes on the role that the CI can possibly play in the 
socio-economic development of the country. It investigates the main challenges by which the 
construction and the building materials industries are faced. The study attempts to answer the 
following key questions: 
• How significant is construction to the Sudanese economy? 
• Does construction in the Sudan leads-lag the economy or vice versa? 
• What is the relation between the construction sector and other sectors of the economy? 
• What are the potentials of the country to produce building materials locally? 
• How is the application of appropriate building materials and technologies evaluated? 
• What are the criteria, along with cost, to be considered in the selection of appropriate 
materials? 
• What are the challenges facing the construction and building materials industries in the 
Sudan and the interrelation among them? 
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• What are the factors influencing the utilization of local building materials? 
• What are the problems influencing successful transference of technology for the 
development of the indigenous construction industry in the Sudan?  
1.4. Research Hypothesis 
For the purpose of answering the above mentioned questions, four hypotheses are developed; 
Hypothesis 1: The socio-economic significance of the construction industry in the Sudan is 
mainly driven by the performance of the whole economy and its subsectors. Hence, the boom in 
the construction and building materials sectors in the country is attributed to the improved 
economic situation following the production of oil. 
Hypothesis 2: Technology transfer is a possible way for the development of local building 
materials and technologies for housing. 
Hypothesis 3: For housing schemes, traditional (local) building materials and building 
technologies are more efficient in terms of response to sustainable development requirements 
than modern (imported) materials. 
Hypothesis 4: The problems facing the construction and building materials industries in the 
Sudan are complex and their roots are interrelated. 
1.5. Research Objectives 
The main aim of this research is to carry out a comprehensive and elaborated study and 
analysis on the construction and building materials industries in developing countries generally 
and the Sudan specifically. The focus of the research is on locally produced building materials 
and building technologies employed in the provision of housing, especially for low income 
population. The area of the research is considered an interdisciplinary since the study is 
conducted within different, but related, points of view. Sustainable development, which revolves 
about environmental, socio-economic and technical aspects, is the concern of the subject 
research.  
The purpose of this research is to review the status quo of the Sudanese Construction Industry 
(SCI) and the Sudanese Building Materials Industry (SBMI) focusing on LBMs and building 
technologies for housing. The study investigates the role of construction in the socio-economic 
development of the country by examining the causality relationship between construction and 
the economy as a whole and its subsectors. The underlying research examines the role of 
globalization, innovation and technology transfer in the development of the CI in the Sudan and 
the extent of its effectiveness. The study suggests that the employment of appropriate LBMs 
and building technologies in the provision of housing should consider many factors along with 
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cost effectiveness. The adoption of LBMs of good thermal performance and low levels of 
negative impact on the environment will result in a more sustainable built environment. The 
underlying research investigates the challenges facing the SCI and the SBMI and the factors 
affecting the utilization of LBMs. It also examines the importance of factors affecting successful 
transference of technology in order to adopt appropriate building materials and technologies. 
Following are the main objectives of the subject research: 
• review the performance of the construction and building materials industries in the 
Sudan in the socio-economic context, including: 
- measuring the socio-economic significance of the construction industry. 
- examining the causality relationship between construction and others sectors of 
the economy. 
• carry out economic and technical analysis on LBMs and alternative building technologies 
employed by the housing sector in the Sudan, including: 
- reviewing alternative building materials (traditional & modern) and building 
technologies applied in the provision of housing. 
- comparative analysis on selected LBMs and building technologies in regard to 
environmental, socio-economic, and technological aspects. 
• identify the factors influencing the performance of the SCI and the SBMI and measure 
their relative importance. 
• highlight the importance of technology transfer for the development of the construction 
and building materials industries by developing a model demonstrating the role of 
awareness of the benefits of TT in the success of transferring technologies. 
1.6. Research Methods 
Generally researches adopt either quantitative or qualitative approaches to tackle a specific 
research problem. Quantitative research systematically investigates phenomena via statistical, 
mathematical or computational techniques. It is based on analyzing the contribution of 
differences in values of particular variables to differences in other variables. Quantitative 
research tends to study behaviors under controlled conditions. It is very objective because 
different researchers arrive at the same results and conclusions. The objective of quantitative 
research is to develop and employ mathematical models, theories and/or hypotheses pertaining 
to phenomena. 
On the other hand, a qualitative research aims to gather an in-depth understanding of behaviors 
and the reasons that govern such behaviors. It aims to get beneath the manifestation of 
problems and issues, and thereby to facilitate appreciation and understanding of basic causes, 
principles and behaviors. A qualitative research deals with events and the process that connect 
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them. It studies the context in which a behavior occurs. The behavior itself is fluid, dynamic, 
situational, contextual, social and personal (Fellows, 2008). 
For the purpose of fulfilling the objectives of the underlying research, the investigation of 
research questions was broken down into three levels of detailing as demonstrated in (Figure 
 1.1) bellow. 
 
 
Figure  1.1: Level of detailing of the underlying research 
The research adopted a mix of quantitative and qualitative approaches in order to satisfy its 
objectives. Different tools of investigation were employed depending on the level of detailing 
required. A quantitative approach was adopted to study and analyze the role of construction and 
building materials industries in the socio-economic development in the Sudan. According to 
Wells (1985b), the relationships observed between countries - in regard to the contribution of 
their CIs to the economy - at different income levels at a fixed point of time are also valid within 
any one country over a period of time. Therefore, statistical analysis methods were employed 
based on data pertaining to the economy performance to investigate the role of the CI in the 
Sudan. The data were collected from secondary sources including reports and statistics 
provided by governmental authorities and international organizations. Lack of information and 
transparency imposed a challenge in data collection. A literature review has been extensively 
conducted to delineate the role of construction in nations’ development with specific focus on 
DCs. 
In order to study and analyze the supply and use of building materials and building technologies 
in the Sudan, a descriptive approach was adopted in order to better understanding the condition 
of the SBMI. Literature was a good source of information about the status quo of the SBMI 
potentials and capacity. It helped describing the general situation of BMs production and their 
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applications in the Sudan. The literature revealed the limited amount of research on the 
development of LBMs in the Sudan. 
For the purpose of the assessment of alternative BMs and building technologies employed in 
the provision of housing, a set of case studies were selected to be analyzed. These case 
studies were conducted for the purpose of understanding the mechanisms through which 
innovative and appropriate technologies are transferred. The case studies were selected to 
cover as wider spectrum as possible including projects implemented by; research institutes, 
governmental authorities, national and international NGOs, private sector companies and 
individual practitioners. All the selected projects had adopted innovative approaches in the 
employment of BMs in the provision of housing in the Sudan. Some of these examples were 
based on technologies transferred from abroad where the developers believed in its suitability to 
the country and the community. In all these case studies a general introduction to the 
technology and materials were made. The review and background of these case studies were 
based on literature and interviews with the providers of technologies subject to study. 
The research adopted a set of criteria to compare between newly introduced and contemporary 
technologies using a design model for a single storey house developed by the National Fund for 
Housing and Reconstruction (NFHR) in the Sudan. The analysis was carried out using the Eco-
Tect Software. The conclusions of the analysis were developed in form of tables and graphs. 
According to the analysis results it was possible to compare between the different innovative 
and conventional technologies suggested for low-cost housing in terms of thermal performance, 
environmental impact and cost. 
The research employed a questionnaire to investigate the challenges facing the SCI and the 
SBMI in general and the utilization of LBMs in particular. The questionnaire also investigated 
the possible problems influencing the transference of technology for the development of the 
SCI. The questionnaire targeted the stakeholders of the SCI requesting them to reveal their 
perception towards the importance of factors confronting the development of the SCI and the 
SBMI. The survey’s main question was: What are the real constraints in the development of the 
SCI in general and the SBMI in particular? 
Figure  1.2 below illustrates the research cycle including the different stages followed. 
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Figure  1.2: Research cycle 
1.7. Study Structure and Contents 
The study is divided into 13 complementary chapters in compliance with the levels of detailing 
mentioned before and for the purpose of satisfying the underlying objectives. Chapter One: 
defines the area of research nominating its objectives and stating the research questions. It 
demonstrates the research approaches adopted and data collection methods employed. 
Chapter two reviews the role of the CI in the socio-economic development of nations. It draws 
special focus on the significance of the construction sector in DCs. The impediments to the 
development of the CIs of DCs are highlighted and discussed in chapter three. Chapter four 
demonstrates the principles of attaining sustainability in construction and the impact of 
construction activities on the environment. It highlights the key role BMs can possibly play in this 
regard. Chapter five discusses the relation between the choice of technology and the attainment 
of sustainable built environment. The potential role of globalization, innovation and technology 
transfer in the adoption of appropriate building materials and technologies is emphasized in this 
chapter. Chapter six provides a general view on the construction and building materials 
industries in the Sudan. It describes the context in which both industries are performing 
including the general profile of the country, population growth and economy structure and 
performance. This chapter provides a general picture of the economy sectors performance. It 
examines the economic significance of the construction sector in the economy of the country. It 
enumerates the challenges facing the construction and building materials industries of the 
Body Of
Available 
Knowledge
Hypothesis
Testable 
Consequences
Evaluation of
Hypothesis
New Body Of  
Knowledge
New 
Problem
Hyp_1
Hyp_2
Hyp_3
Hyp_4
Data Collection: what, 
How, When, to collect?
Data Collection 
Sources and Techniques;
• Literature
• Statistics
• Reports
• Case Studies
• Interviews
• Questionnaire
Data Analysis
• Statistical Analysis
Eviews & SPSS
• Comparative Analysis
Eco-Tect
 General Findings 
Conclusions about 
construction and building 
materials industries in 
Sudan
 Areas for Future 
Research
The importance of 
Construction Industry
The challenges facing 
the construction 
industries in developing 
countries
Globalization, 
Innovation, Technology 
Transfer in Construction
Sustainablilty of 
construction and building 
materials.
Scope of Work & 
Limitations
Construction Industry 
Performance in Sudan 
and the Economy
Building materials and 
technologies industry in 
Sudan
Problem
Chapter One 
Research Overview 11 
 
Sudan. Chapter seven investigates the causality relationship between the construction sector 
and the economy as a whole including its subsectors. Chapter eight assesses the potentials of 
BMs production in the Sudan by evaluating the availability of resources required for production. 
Chapter nine is concerned with the application of building materials and technologies for 
housing in the country. It reviews the significance and effectiveness of research and innovation 
in the application of building materials and technologies. It also examines the role of TT in 
adopting appropriate materials and technologies for housing and emphasizes the problems 
facing successful transference of technologies. Chapter ten evaluates the performance of a set 
of alternative building materials and technologies employed or recommended to be employed in 
the housing sector in the Sudan. Chapter eleven summarizes the outlines of the questionnaire 
survey investigating the problems facing the SCI and the SBMI as well as the possible factors 
influencing the successful transference of technologies in the Sudan. Chapter twelve reports 
and interprets the main results of the questionnaire. It measures the relative importance of the 
factors influencing the performance of the SCI as well as the SBMI. These factors are ranked 
according to their relative importance. This chapter developed a model, based on the results of 
the questionnaire, demonstrating the role of awareness of the benefits of TT in effective 
transference of technologies. Chapter thirteen encapsulates the outcomes, conclusions and 
recommendations of the entire study and suggests areas for further research. The appendices 
include all the information supporting the contents of the study and report the detailed results of 
the tests performed throughout the research. 

  
 
 
 
 
 
 
 
 
 
2. Chapter Two: The Role of the Construction Industry in the Socio-
economic Development of Nations 
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2.1. Introduction 
The construction industry (CI) has been identified as one of the main engines of growth in any 
economy. It provides the infrastructure required for other sectors of the economy to flourish and 
provides housing as a basic human need. The provision and maintenance of shelter, other 
permanent structures and infrastructure networks are fundamental to the national economy. In 
almost every sector of the economy - agriculture, health, industry and communications - there is 
some construction component (UNCHS, 1986). The construction of physical facilities is also 
essential as part of the development of other productive activities (Wells, 1984). The importance 
of the (CI) stems from the role the industry plays in satisfying the demand made by its sisters in 
the economy for construction output. In that sense, the CI is very much like a service industry, 
and thus contributes significantly to economic development (Moavenzadeh, 1978). Therefore, 
construction is an important sector contributing to the survival and the economic output of 
nations, its role is inevitable. The following chapter provides broad definitions for the CI and 
throws the light on its role in the socio-economic development of nations. It draws specific 
attention to the contribution of the CI to the economy in DCs. It also displays the importance of 
the building materials industry (BMI) since that building materials (BMs) account for a sizeable 
share of construction value.  
2.2. Definitions  
Drawing the boundaries of the construction industry (CI) is an arduous task (Ebohon, 2002) due 
to the wide varieties of economic activities encompassed in the industry (Drewer, 1980). Wells 
(1984; 1985a) defines “construction” as: 
“the activity of the creation of physical infrastructure, superstructure and related facilities. 
It therefore comprises all civil-engineering work and all types of new building projects 
(including housing), as well as the maintenance and repair of existing structures”. 
Turin (1980) ascribes the following features to construction: immobility, uniqueness, heaviness, 
bulkiness, complexity, long duration of production process, high expenses and durability. He 
observed that whereas a few of these might be shared by other industries, no other product 
share them all. The characteristics of construction products cited by Moavenzadeh (1978) 
includes: custom-built nature, immobility, high initial expense, complexity and continuous 
changing technology. The characteristics of construction products and the wide spectrum of 
activities the CI covers make construction worth of different consideration. 
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The CIB Agenda 21 for sustainable construction in developing countries (du Plessis, 2002a, p. 
4) defines construction as:
 “the broad process/mechanism for the realization of human settlements and the creation 
of infrastructure that supports development. This includes the extraction and 
beneficiation of raw materials, the manufacturing of construction materials and 
components, the construction project cycle from feasibility to deconstruction and the 
management and operation of the built environment”.  
The CI must satisfy the demand for: (a) housing construction; (b) building construction such as 
commercial, social uses …etc; (c) heavy engineering construction; (d) industrial construction 
including factories… etc (Turin, 1973; Palalani, 2000). Therefore, the variety of demand for 
essential projects in the life of any nation enhances the importance of the CI (Turin, 1973). 
Covering as it does such a wide spectrum, construction becomes the basic input for socio-
economic development (Planning Commission - Government of India, 2002). Consequently, the 
CI is regarded as a necessary prerequisite to economic growth and development (Wells, 
1985b). The CI has been defined, mostly, in terms of what is or is not included in measuring the 
output of the industry (Hillebrandt, 1984a; Wells, 1985b; Meikle & Grilli, 1999; Ebohon, 2002; 
Hassan, 2008), but an operational definition of the CI should include firms and individuals 
involved in planning, design, the supply of building materials, plant, equipment and transport 
and other services relating to the procurement of physical infrastructure and services (Ebohon, 
2002).  
 A broad definition for the construction industry is suggested by Moavenzadeh (1978) as: 
“That sector of the economy which, through planning, design, construction, maintenance 
and repair and operation, transforms various resources into constructed facilities. The 
types of public and private facilities produced range from residential and non-residential 
buildings to heavy construction”. 
Ofori (1990) defines the construction industry as;  
“That sector of the economy which plans, designs, construct, alters, maintains, repairs 
and eventually demolishes buildings of all kinds, civil engineering work, mechanical and 
electrical engineering structures and other similar works” 
However, both definitions can only be used as a general statement about construction, which 
may be considered as one industry only to the extent that the services given and the technology 
employed are similar through various building types. It is not one industry but many sub-
industries, which may be regarded as coming under the umbrella of the main industry concept 
(Hassan, 2008). Ofori (1990) describes the construction industry as “having several different 
sectors producing heterogeneous products, which are immobile, complex, durable and costly”. 
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The definition of the CI reflects the attributes of an effective and functioning industry that is well 
integrated with the wider economy. Therefore, the CI is regarded as a necessary prerequisite to 
economic growth and development (Wells, 1985b). As an industry supplying the physical 
infrastructure facilities, construction thus has a profound impact on economic development 
(Giang & Pheng, 2011) and plays a critical and highly visible role in the process of development 
(Moavenzadeh, 1978). Turin (1973) argues that the importance of the CI stems from three main 
features; firstly its size, secondly, it provides predominantly investment goods, and thirdly, is that 
the government is a major client of the industry. In other words, countries seeking sustained 
growth and development must evolve an effective and functional construction industry (Ebohon, 
2002).
2.3. The role of the Construction Industry in Nations’ Development 
Construction provides a stimulus for growth throughout the whole economy and vanguards 
nations’ development (World Bank, 1984). It contributes to economic development by satisfying 
some of the basic objectives of development including output generation, employment creation 
and income generation and redistribution (Moavenzadeh, 1978). Construction is the only sector 
of the economy, which appears twice in the national accounts; as a component in the Gross 
Domestic Product (GDP) and the Gross Domestic Capital Formation (GDCF). Besides, the 
International Labor Organization (ILO) reports construction employment a separate entry in 
labor statistics reports (Turin, 1980). 
Commonly, the CI is one of the largest industries in both developing as well as developed 
countries in terms of investment, employment and contribution to GDP (Uher & Lawson, 1998). 
The role of construction in socio-economic development has been addressed by various writers 
and international bodies, many of whom have focused on developing countries (DCs) such as: 
Turin (1973), Strassmann (1970a; 1970b), Drewer (1980), Wells (1985b), Ofori (1990), World 
Bank (1984) and ILO (2001). Turin (1973), Strassmann (1970a; 1970b) and Wells (1985a), 
using cross-country comparisons, all found an association between construction investment and 
economic growth. A recent study (Giang & Pheng, 2011) has reviewed the studies completed in 
the past four decades which examined the role of the CI in economic development. The findings 
from these studies demonstrated the significant relationship between the CI and economic 
growth in DCs. 
The contribution of the CI comes from the linkage between the construction sector and the 
economy on one hand and the inter-sectoral linkages between construction and other sectors 
on the other hand (Giang & Pheng, 2011). The existence of a forward and backward linkage 
between the construction sector and other sectors of the economy has been clearly highlighted 
in the literature (Moavenzadeh, 1978; Drewer, 1980; Giang & Pheng, 2011). Using input-output 
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analysis, many researchers analyzed the performance of the construction sector in comparison 
to other sectors showing the strength of its forward and backward linkages in different countries. 
Most of the researches on the forward and backward linkage of the CI focus on developed 
countries with very few studies on DCs. Miller and Blair (1985) showed the principal of input-
output (IO) analysis reporting the output multiplier of construction as high as 2.2. Bon and 
Pietroforte, (1990) compared the construction sector’s output in the United States, Japan, Italy, 
and Finland in terms of its share in Gross National Product (GNP) and national income, direct 
and total backward and forward linkage indicators and direct and total inputs from 
manufacturing and service sectors. Bon, et al (1999) examined the construction sector's role in 
the Turkish economy showing its relationship with other sectors of the Turkish national 
economy. Pietroforte and Gregori (2003) analyzed the performance of the construction sector of 
eight highly industrialized countries, namely Australia, Canada, Denmark, France, Germany, the 
Netherlands, Japan and the USA during the 1970s and 1980s. Rameezdeen et al (2005) 
applied the same analysis based on five input output tables compiled for the Sri Lankan 
economy. Ilhan and Yaman (2011) analyzed and compared the performance of the construction 
sector in Turkey and selected European Union (EU) countries using input-output (IO) tables for 
the years 1998 and 2002. All of the aforementioned studies have measured the output multiplier 
and input multiplier of the construction sector. Their conclusions were similar concluding that the 
backward linkage between the construction sector and its counterparts in the economy appear 
to be very much higher than its forward linkage. 
In the 1960s of the last century, Duccio Turin pointed the relationship between construction 
activity and economic growth (Turin, 1973). Based on statistical data from 87 countries, a 
positive correlation between the construction output and economic performance indicators was 
observed. A set of indicators was developed to examine this relationship (Turin, 1978), these 
indicators are: 
a) Value added in Construction as percentage (%) of GDP; 
b) Value added in Construction per capita; 
c) Employment in construction; 
d) Value added in Construction per person employed; 
e) Ratio of value added per person employed in construction to value added per person 
employed in manufacturing; 
f) Ratio of value added in construction to value added in manufacturing; 
g) Hourly Earnings in construction and manufacturing; and 
h) Productivity in construction and manufacturing 
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In regard to all of the above mentioned indicators, a positive correlation was observed between 
per capita GDP and indictors (a, b, c, d, e, g and h), implying that as GDP per capita increases 
the corresponding indicators tend to increase as well. In other words, in countries with high GDP 
per capita (developed countries), the value of indicators (a, b, c, d, e, g and h) tend to be higher 
than otherwise in countries with low GDP per capita. Meanwhile, for indicator (f) the reverse 
holds, meaning that as GDP per capita increases, the ratio of value added in construction to 
value added in manufacturing decreases. 
Turin (1978) concluded that: 
a) The share of construction in the national product and the value added in construction per 
capita grow with economic development; 
b) The ratio of net output in construction to net output in manufacturing and the share of 
infrastructure in total construction output decrease with economic development; 
c) Value added per person employed in construction and employment in construction per 
thousand population grow with economic development, but with different rates of 
change; and 
d) The gap between construction and manufacturing, in terms of net output per person 
employed and hourly earnings, tends to close with economic development; in the richer 
countries net output per man tends to be the same in construction and manufacturing 
and hourly earnings are actually higher; but changes in productivity tend to be lower 
A similar analysis was conducted by Strassmann (1970a; 1970b) where the findings were 
similar to those of Turin’s. A positive correlation exists between GDP per capita and various 
measures of construction output (construction value-added as a percentage (%) of GDP; gross 
output of construction as a percentage (%) of GDP; and construction employment as a 
percentage (%) of the economically active population). Nevertheless, construction output was 
found to level off, or even decrease its contribution to GDP in the high-income countries. 
Strassmann (1970b) noted that the construction’s role in the economy tends to diminish when 
the economy reaches the middle income stage. It has been observed that beyond a certain 
stage of development, the construction sector may not keep pace with GDP growth and 
consequently makes smaller contribution to economic growth (Crosthwaite, 2000; Pheng et al , 
2008). 
These analyses have been criticized (Drewer, 1980) on a number of grounds including the 
reliability of the data, the limitations of their coverage, the methods of analysis employed and 
the conclusions that were drawn. Drewer observed that more construction does not necessarily 
result in higher economic growth when the resources are misallocated. He concluded that for 
construction to be beneficial to development, the structure of output and the organization of the 
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supply resources required to realize that output should be compatible with the specific 
objectives of specific countries. Moreover, he stated that the expansion of the CI beyond the 
capacity of the economy to absorb the construction output could negatively impact the 
economy. 
Lopez et al (2000) argue that the relationship between the share of construction in GDP and 
economic growth in terms of GDP per capita seems to be consistent only with a downturn 
economy. Giang and Pheng (2011) cited a number of writers who share Drewer his 
observations. Kumaraswamy (2006) argues that the CI, if it is under-developed, could possibly 
plunge nations into a downturn spiral by dumping more money for early replacement/renewal of 
facilities thus squanders limited funds. The conclusions drawn on the negative impact of the 
construction on the economy were accompanied with; misallocation of resources; unstable and 
uncontrolled expansion of the industry; the influence of politics on decision making; and 
oversupply of construction/infrastructure. Therefore, it could be argued that the negative impact 
of the CI on the economy could not be generalized due to the nature of the factors led to such 
conclusions. For instance, if the demand for construction/infrastructure is accurately estimated 
and supplied accordingly and in compliance with the ability of the economy to absorb it, 
probably no negative impact will occur.  
Wells (1985b) has confirmed the earlier findings of Turin and Strassmann by employing 
statistical data pertaining to the CI in a number of countries (both market and centrally-planned 
economies). In his analysis, Wells found a clear positive relationship between GDP per capita 
and three separate measures of construction activity, namely: (a) value-added by construction 
as a percentage (%) of GDP, (b) capital formation in construction (gross output) as a 
percentage (%) of GDP and (c) employment in construction as a percentage (%) of the total 
economically active population. This is illustrated in (Figure  2.1, Figure  2.2 and Figure  2.3) 
where the solid line indicates the statistical relationship between the variables. 
Wells (1985b) argues that value added by construction as a measure of the industry 
performance tends to underestimate the contribution of the construction sector to the economy. 
He based his argument on the definition of the value added as “the difference between the 
value of sales at market prices and the market value of all current purchases” which excludes 
the value of purchased building materials and components, fuel, transport, professional services 
and legal fees. Furthermore, Wells noted that the exclusion of the repairs and maintenance 
work (amounting to perhaps one third of the total output of the sector) from the formation of new 
capital tends to underestimate the role of the construction as well. 
Estimates put the multiplier effect of on-site construction activity at 2 to 2.5 times the net value 
of construction output (Wells, 1984). In other words, each dollar spent on construction may 
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generate up to three dollars of economic activities in other sectors (Bakens, 2003). In line with 
Turin’s and Strassmann conclusions, Wells indicates that the contribution of construction to the 
economy would decline when the volume of construction products become sufficient to raise the 
productive capacity of the economy at a steady growth rate. 
 
Figure  2.1: The relationship between 
value added in construction as share of 
GDP and per capita GDP 
Source: Wells (1985b) 
Figure  2.2: The relationship between 
gross construction output as share of 
GDP and GDP per capita 
Source: Wells (1985b) 
 
Figure  2.3: The relationship between employment in
construction and GDP per capita 
Source: Wells (1985b) 
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In his study on the global construction market, Crosthwaite (2000) has arrived at conclusions 
similar to those of Turin, Strassmann and Wells. He employed data on spending on construction 
rather than value added in construction. Based on their income, 150 countries were categorized 
into less developed countries (LDCs), newly industrialized countries (NICs) and advanced 
industrialized countries (AICs). Unlike Turin (1973) and Wells (1985b) who found a linear 
relationship between construction (value added in construction) as a share of GDP and GDP 
per capita, Crosthwaite found a reasonably strong nonlinear relationship between construction 
spending as share of GDP and GDP per capita. Non-linear relationships imply that the 
contribution of the construction industry is not indefinite (Giang & Pheng, 2011). Crosthwaite’s 
analysis indicates that construction’s share of GDP peaks during the NICs stage “middle income 
bulge (Wells, 1999)” of economic development rather than early stages of development. The 
analysis suggests that as countries pass from NICs to AICs status, construction spending fails 
to maintain its share of GDP and therefore declines in importance. This conclusion conforms to 
that of Turin, Strassmann and Wells implying that beyond a certain stage of development the 
construction sector does not keep pace with GDP growth. However, construction output in AICs 
declines only in relative terms, not in absolute terms (Giang & Pheng, 2011). On the other side, 
a linear relationship with positive correlation tends to exist between construction spending 
growth and GDP growth. NICs exhibit the highest rates of construction spending as share of 
GDP meanwhile, LDCs display the fastest growth in construction. AICs ranked third in regard to 
construction spending as share of GDP and construction spending growth with negative rates of 
growth. In conclusion, the construction grows/declines faster/slower than GDP for all categories. 
Once more, this observation fosters Turin’s, Strassmann’s and Wells’ findings implying that 
during early stages of development construction precedes economic development. 
A recent study by Pheng et al (2008) on 25 European Union (EU) countries for a period of 20 
years (1985-2004) has demonstrated a relationship between trends in construction relative to 
GDP, population, agriculture and manufacturing. The study suggests that these variables are 
important factors affecting the role and development of the CI within an economy. In particular, 
the correlation results suggest that the larger and more economically developed the countries 
are, the relationships between construction and other economic indicators would appear to be 
less discernible (i.e., Germany, France, Italy and UK). Meanwhile, countries with lower GDP and 
with lower construction volume tend to support higher correlations results. The study coalesces 
with Turin’s observations (Turin, 1973) revealing that countries with comparatively higher mean 
annual growth are those countries having small construction volume and vice versa.  
Wells (1985b) noted that whenever an economic growth occurs, it must be accompanied by a 
rapid expansion in construction activities. Investment in infrastructure, for instance, is 
considered a means of reducing and managing violent conflicts in tandem with its potentials in 
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stabilizing war-torn countries as a driver for peace. Therefore, the provision of sustainable 
infrastructures could be utilized as a pre-war as well as a post-war strategy aiming to the 
prevention and cure of causes of conflicts (Gueli, 2007). Weddikkara and Devapriya (2000) 
noted that political stability, in terms of civil conflicts, is a key determinant of a country’s long-
term development prospects. The vital role of construction as a means of providing the physical 
infrastructure base for socio-economic development is widely recognized. Construction products 
are generally regarded as capital goods; investment in construction constitutes about 50% of all 
investments in capital goods in many countries (Zawdie & Langford, 2000).  
Despite the inability of the construction sector to fulfill basic needs for infrastructure, houses and 
other buildings in DCs, its output still represents the main investment in human settlements, 
accounting for about 80% of gross fixed capital formation (UNCHS, 1986). Thus, the 
construction sector could be said to be the backbone of the development process. Much of the 
construction in DCs is driven by investment in infrastructure (Crosthwaite & Connaughton, 2007) 
and housing (Sustainable Development Task Force- FIDIC, 2003) whereas, repair and 
maintenance become important in developed countries (CIB, 2004; Giang & Pheng, 2011), 
accounting for almost 34% of all construction (Moavenzadeh, 1978). Repair and maintenance 
has not received due attention in DCs (Ofori, 1989) 
Beside the direct impact of the CI on the economy through infrastructure provisions, further 
significant contributions are made directly and/or indirectly in terms of employment and income 
generation (Moavenzadeh, 1978; Wells, 1985a; Ofori, 1988). Despite the recent advances in 
technology and production management techniques, the CI remains relatively labor-intensive in 
the sense that it uses a larger number of workers per unit of output than that of most other 
industries. As a people-reliant industrial sector, the CI employs an extremely diverse range of 
people from a wide range of occupational cultures and backgrounds including people in 
unskilled, craft, managerial, professional and administrative positions. The CI provides a 
traditional point of entry to the labor market for migrants from the countryside and those who do 
not have much education or skills (Wells, 2003). Wibowo (2009) demonstrates the mechanism 
by which the CI contributes to the economy in terms of money flow to the society. According to 
Turin (1973), the share of construction in employment ranges between 2-6% in DCs and 6-10% 
in industrialized countries. In Italy, for instance, the construction output represents about 8% of 
GDP and 41.9% of national fixed investment, employing 25% of people employed by all 
industries and 7.9% of all economic sectors (Cardillo & Varone, 2004). Should the employment 
in the delivery of materials inputs (employment in the: BMs and components industry, 
transportation, stock, distribution of BMs and other ancillary operations connected with 
construction) included, the share of construction employment might account for as much as 
10% and 15% in the developing and industrialized countries respectively (Hassan, 2008). 
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Similar to other economic activities, the CI impacts on those involved in its activities, the local 
community and the wider global community. Nevertheless, the global social impact of the CI 
(international migration of labor for work in the sector) is assumed to be minimal (Wells, 2003). 
The potentials of the construction sector in terms of employment generation lie in: the 
absorption of rural migratory and unskilled labor; the provision of opportunities for seasonal 
employment; and enabling the participation of women (Planning Commission - Government of 
India, 2002). Table  2.1 below demonstrates the magnitude of the construction industry’s 
contribution to the economy in developing and developed countries throughout different periods 
as illustrated in the literature. 
Table  2.1: The place of the CI in the economy: A comparison between developing and 
developed countries 
Economic Indictor Developing Countries 
Developed 
Countries 
Value added by construction (as % of GDP) 
  
1955 -1965 (Turin, 1973) 3-5% 5-9% 
1970-1980 (World Bank, 1984) 3-8% 7-8% 
1960-1980 (Wells, 1985b) 3.6-5.2% 5.4-7.3% 
Capital formation in construction (as % of GDP) 
  
1955 -1965 (Turin, 1973) 6-9% 10-15% 
1960-1980 (Wells, 1985b) 8.9 -10.6% 13.5-13.6% 
The Contribution of new construction assets (as % of GDFCF) 
 
1955 -1965 (Turin, 1973) 45-60% 
1970-1980 (World Bank, 1984) 50.8% 
1960-1980 (Wells, 1985b) 15.1-24.4% 24.6-24.1 
1970-2006 (Giang & Pheng, 2011) 23% 26% 
Employment in Construction (as % of total employment) 
  
1955 -1965 (Turin, 1973) & (Moavenzadeh, 1978) 2-6% 6-10% 
1970-1980 (World Bank, 1984) 3.2 7.4% 
1960-1980 (Wells, 1985b) 2.1-3.4% 6.6-8.1% 
Employment by ancillary operations 
  
(Moavenzadeh, 1978) 2-4% 
Intermediate inputs from other sectors in the economy 
  
1955 -1965 (Turin, 1973) 50 - 60% 
Construction investment to civil engineering 
  
1955 -1965 (Turin, 1973) 30-55% 25-30%. 
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2.4. Backward and Forward Linkages between the Construction Industry and 
the Economy 
In addition to its direct effect on the economy, the CI also stimulates economic growth through 
its strong linkage with other sectors in the economy (Giang & Pheng, 2011). Ofori (1993b) noted 
that the CI is often studied in isolation disregarding its linkage to many parts of the economy. 
Conceptually, construction is seen as the end product of a number of industries rather than a 
single industry (Drewer, 1980), thus it is regarded as a conglomeration of industries 
(Watermeyer, 2001). Indeed, the role of the CI in the provision of infrastructure, including those 
for the delivery and exchange of goods, energy, services and information, determines the 
nature of the backward and forward linkages possible between the construction sector and the 
whole economy (Moavenzadeh, 1978). An expansion of the CI can stimulate the expansion of 
supply industries topped by the building materials and components industry (Moavenzadeh, 
1978; Giang & Pheng, 2011). The impact of such an expansion on the building materials 
industry (BMI) can be significantly large as much of the building materials (BMs) can be 
provided by unskilled labor-intensive domestic recourses (World Bank, 1984). The value added 
by construction, should the backward linkages put into consideration, would account for a 
considerable proportion of GDP. Therefore, building the capacity for local production of BMs 
can help nations maximizing the possible benefits associated with the expansion of their CIs. 
The issue of reliance on local supply industries has been extensively addressed in the literature 
(Moavenzadeh, 1978; Drewer, 1980; Wells, 1984). 
A wide range of materials is used by the CI for new buildings, maintenance and civil 
engineering. Some materials like cement and bricks are produced exclusively for construction 
purposes. Other materials, although construction may be the largest user of the industry’s 
products, are nevertheless produced for a wide range of uses, e.g. iron, steel, and wood-based 
products (Elkhalifa & Shaddad, 2008). The United Nations Center for Human Settlements-
Habitat (UNCHS) has identified BMs, among others, as one of the primary resource inputs 
required by the construction sector (UNCHS, 1996). Building materials constitute the single 
largest input to construction, accounting for 50% to 80% of its total value (UNCHS, 1986). 
Expenditure on BMs can be calculated at some 4-6% of the GDP (UNECA, 1976). Erkelens 
(1983) estimates the share of cost for BMs in GFCF and GDP of Kenya at 16.8% and 3.9% 
respectively. Imports of BMs are considerable; in many developing countries where a large 
proportion of BMs are imported. In Africa, for instance, annual imports of BMs are estimated to 
account for 5-8% of the total value of imports (UNCHS, 1986). 
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Generally speaking, the cost of BMs represents the highest share in comparison to other 
construction cost components for all categories of the CI. Table  2.2 shows a breakdown of 
construction cost components for the main categories of the CI as reported in the Construction 
Industry Development Council Survey in India. 
Table  2.2: Share of construction cost components into different construction categories 
Category Materials 
% 
Equipment 
% 
Labor 
% 
Finance 
% 
Enabl-ing 
% 
Admin 
% 
Surplus 
% 
Building 58-60  4.5 11-13 7-8 5.5-6.5 3.5-4.5 5-6 
Roads 42-45 21-23  10-12 7-8 5.5-6.5 3.5-4.5 5-6 
Bridges 46-48 16-18 11-13 7-8  5.5-6.5  3.5-4.5 5-6 
Dams, etc 42-46 21-23 10-12  7-8 5.5-6.5  3.5-4.5 5-6 
Power 41-43 21-24 10-12  7-8 5.5-6.5  3.5-4.5 5-6 
Railway  51-53 6-8 16-18 7-8 5.5-6.5  3.5-4.5 5-6 
Mineral Plant 41-44 20-22 12-14  7-8 5.5-6.5  3.5-4.5 5-6 
Medium Industry  50-52 7-9  16-18 7-8 5.5-6.5  3.5-4.5 5-6 
Transmission  49-51 5-7 19-21 7-8 5.5-6.5  3.5-4.5 5-6 
Source: Planning Commission -Government of India:10th Five Year Plan (2002-2007) 
As many materials are actually made on site, especially at the early stages of economic 
development, a considerable overlap exists between the BMI and the CI. The production of 
some materials (i.e., concrete blocks) would count as part of the construction process. Many 
materials inputs (i.e., aggregate) are supplied in semi-produced or simply shaped state. 
Production of such materials is not always recognized as a manufacturing industry (Shaddad, 
1979). However, planning for inputs for construction must take account of the whole range of 
materials required where critical shortage of even small components would cause serious 
delays to construction output. 
The forward linkages of the CI stem from the industry’s function in fulfilling the demand made by 
other sectors of the economy for construction output. A study covering 63 countries (World 
Bank, 1994) concluded that a 1% increase in the stock of infrastructure coincided with 1% 
increase in the total GDP across all countries (Figure  2.4). Apparently, as economies 
experience growth, infrastructure projects are most likely to evolve to match the level of income 
and demand. It is also implicitly apparent from (Figure  2.4) that because of their weak economic 
status, DCs would find it difficult to absorb most of the infrastructure projects adopted by 
developed countries (Zawdie & Langford, 2000).  
Inadequate infrastructure provisions impose huge constraints on economic growth and 
development and have negative impacts on employment and income. Obviously, the provision 
of elaborate and functional infrastructure paves the way for economic development and 
sustained socio-economic development. The provision of efficient infrastructure would lead to 
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growth in the production of other sectors of the economy through; (a) the reduction in the costs 
of intermediate inputs from infrastructure (i.e., transport, water, electricity…) and (b) the 
increase in the productivity of other factors of production (Giang & Pheng, 2011). Similar to 
other sectors of the economy, the construction sector would benefit from the provision of 
efficient infrastructure. 
Figure  2.4: Infrastructure stocks per capita  
Source: (World Bank, 1994) 
Given the significant role that construction plays in the economy and its backward and forward 
linkages, a controversial question arises: does growth in construction follow or precede 
economic growth? Different scenarios, based on empirical studies, have been developed in the 
literature to demonstrate the causal relationship between construction and economic growth, 
however the results are inconclusive. Giang & Pheng (2011), summarize the following possible 
causalities: (a) causality runs from GDP to construction activity; (b) construction leads economic 
growth; (c) bi-directional causal relationship between construction and GDP with a short-run 
effect by construction on economic growth and economic growth having a long-term effect on 
construction; and (d) dynamic causal relationship whereby, during economic upturn, the 
economy leads construction and during economic downturn construction drives the economy.  
Generally, countries with the fastest average annual rates of GDP growth are also countries 
with the fastest annual rates of construction spending growth and vice versa (Crosthwaite, 
2000). According to Turin (1978), Wells (1984; 1985b) and Crosthwaite (2000) construction 
output, during early stages of development, grows particularly fast, often exceeding the rate of 
growth of the economy as a whole meaning that construction precedes economic development. 
A study by Lopes et al (2000) on 15 countries in the Sub-Sahara Africa for a twelve-year period 
(1980-1992) demonstrates that there is a critical level of value added in construction as share of 
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GDP (4-5%) below which a relative decrease in construction output corresponds directly to a 
decreasing growth in GDP per capita. This observation is attributed to the provision of basic 
infrastructure during the early stages of development (ILO, 2001) where more construction 
spending is generated (Pheng et al, 2008). Turin conclusions were confirmed by Wells (1984; 
1985b), conditional that construction should be part of the process of creating an indigenous 
construction capacity with minimal reliance on imports. 
On the contrary, Drewer (1980) argues that more construction does not necessarily mean a 
higher level of economic development. Additionally, he states that some of the construction 
output is growth-initiating while some is growth-dependent implying the existence of a bi-
directional relation between construction and economic growth. The nature of causality 
relationship between construction and its counterparts in the economy appears to differ among 
countries. In some countries, it has been found that economic growth precedes growth in 
construction output (i.e., Hong Kong (Tse & Ganesan, 1997; Tse & Raftery, 2001); Singapore 
(Lean, 2001); and Barbados (Bynoe, 2009)), while in other countries the reverse holds whereby 
construction flows precede GDP growth (i.e., Ghana (Anaman & Amponsah, 2007); and 
Pakistan (Khan, 2008)). Generally speaking, the level of performance of the CI and economic 
output are cyclically co-related in a loop implying that increases in economic growth necessarily 
invites for increased construction investments, resulting in high elastic demand for construction 
products and manifesting in rapid build-up of physical overhead, which offers significant 
employment and income generating opportunities (Ebohon, 2002). 
The role of construction is, therefore, a very “large” one in every country implying that changes 
in its total output would have an effect on GDP as well as the production capacity of the 
economy as a whole. Notwithstanding the size of the world construction and the magnitude of 
contribution of construction to both world development and national economy, there is a dearth 
of studies concerned with the research of international construction at the macro level 
(Crosthwaite, 2000; Pheng et al, 2008). 
Given the significant contributions that construction makes to the socio-economic development 
process, it is essential, therefore, that this vital activity is nurtured for the healthy growth of the 
economy (Planning Commission - Government of India, 2002). However and despite this fact, 
the government role as a direct provider of construction services (i.e. the supply side) and 
employer of construction labor has also declined (Shaddad, 1979) and (Smith, Love, & Jackson, 
1999). Governments, in both developed and developing countries, have chosen or been forced 
to reduce or disband their construction workforces. The declining share of publicly funded 
construction is increasingly implemented by the private sector (ILO, 2001, p. 21). Public private 
partnership (PPP) has emerged as a common way of overcoming financial constraints in the 
provision of public infrastructure and services (Anvuur & Kumaraswamy, 2006; Akintoye, Kyaw, 
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Ngowi, & Bowen, 2006). The larger private sector participation in the provision of infrastructure 
is a consequence of globalization (Chege & Ebohon, 2004). The CI has been forced to change 
because the economic, social, financial and political/legislative environments (of which it is an 
important part) have demanded it. Fundamental reorientation has forced and is still forcing 
change (Smith, Love, & Jackson, 1999). 
2.5. Measuring Construction Output and Comparison among Countries 
No doubt, measuring the performance of the CI is crucial for its improvement and development. 
One approach to the improvement of CI performance is the adoption and use of benchmarking 
(Willis & Rankin, 2008). The comparison of performance among countries might be employed 
for benchmarking as a tool for improving and developing the CI. Benchmarking is currently 
implemented in the CI at the project and organizational levels through various schemes in 
countries such as the US, UK, Canada, Australia and the Netherlands. 
Construction industries are often characterized as large or small by reference to the proportion 
which gross construction output represents in the national economy. Most studies measure the 
performance of the CI in terms of its contribution to the economy and its socio-economic 
significance (Turin, 1973; Strassmann, 1970a; Strassmann, 1970b; World Bank, 1984; Wells, 
1986; Ofori, 1990). The main methods applied for measuring the economic contribution of the 
CI are; gross output of construction, capital formation in construction and value added in 
construction. 
Indeed, economic indicators might be useful for measuring the CI performance in a specific 
country. Yet, Meikle & Grilli (1999) argue that using economic indicators to compare the status 
of the CI among countries may not be reliable. This argument is supported by the fact that 
construction output is difficult to quantify with any accuracy. Firstly, because the components of 
construction output (what should be included and what should be excluded) differs significantly 
from one country to another. Construction output data are not consistent in content because 
there is no generally accepted standard international definition and what is included and 
excluded varies from country to country. Table  2.3 provides an example for the differences in 
the composition of construction output in Finland and UK. Secondly, construction activities 
which are carried by the informal sector, if ever included, are often based on estimates, rather 
than formal measurement. 
Moreover, the availability, accuracy and reliability of data on both construction output and 
national economy differ among countries. While using economic indicators is adequate in 
developed western economies, it may not be so helpful in developing economies, or economies 
in transition, where data on both construction output and the national economy are particularly 
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uncertain. This argument is stated by Drewer (1980) as a main criticism for conclusions drawn 
by Turin (1973) in regard to the role of construction in economic growth and development. 
Table  2.3: Construction output in Finland and UK 
Components of output  Finland  UK  
Contractors output (including sub and 
specialist contractors)  included  included  
Direct works organizations output *  included  included  
Unrecorded output  not known  not known  
Construction services  included  excluded  
Black economy in construction  included  largely excluded  
DIY** materials  included  excluded  
DIY labor  included  excluded  
Taxes (including VAT)  probably excluded  VAT excluded  
* UK output explicitly includes public direct works output and explicitly excludes private direct works output. Finland 
includes public output; it is not clear about private output 
**DIY: do it yourself 
Source: Meikle & Grilli (1999). 
The literature highlights incidences where revisions and adjustments of data, to take account of 
missing or unrecorded activities, were needed (Hillebrandt, 1984a; Meikle & Grilli, 1999). This 
kind of revision proofs that the measurement of construction output is a quite difficult task and 
makes the comparison between different economies, using different approaches and methods, 
subject to questions. According to Meikle & Grilli (1999) many factors justify the difficulties 
associated with the employment of economic data for the comparison of construction 
performance among countries, including; (a) difference in construction output components; (b) 
maturity of economies; and (c) purchasing power parity (PPP).  
Alternatively, indicators of construction output based on some construction resources were 
suggested as measurement tools to make the comparison between the CIs of different 
countries more reliable. These measures include; cement consumption per capita; brick 
consumption per capita; housing completions; and employment in construction. 
However, these alternative measures can be criticized for not being applicable for all countries. 
For instance, employing resources measure (i.e., cement/ brick consumption) might not reveal 
the actual level of construction in countries where BMs other than cement and brick are widely 
used. The same argument holds for using employment in construction for countries where 
capital intensive construction technologies dominate. Furthermore, the rate of completion of 
housing units might give tortured picture about countries with little demand for housing or even 
for countries concentrating on the housing sector on the account of infrastructure provision 
and/or other construction projects. 
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Therefore and notwithstanding all the difficulties and unreliability of using economic indicators 
as measure tools for comparison between different countries, these indicators remain the only 
tools available for nations to judge on the performance of their CIs. At least, these indicators 
could be used to analyze the performance of the CI in a single country rather than to compare 
between different countries. Thus, the employment of macro-economic indicators for measuring 
construction output remains the only way for performance measurement and development in 
DCs due to the lack and inaccuracy of data. 
2.6. The Construction Industry in a Globalized World 
The countries of the world tend to be roughly economically divided into three main groups; the 
so-called least developed countries (LDCs), newly industrialized countries (NICs) and advanced 
industrialized countries (AICs) (Crosthwaite, 2000). Alternatively, LDCs and NICs are referred to 
as low-income and middle income countries respectively (Ofori, 2006). In general, (LDCs) and 
(NICs) are classified as developing countries (Crosthwaite, 2000) and referred to as 
“dependent”, “non-industrialized”, “poor” or “the third world countries”. Whereas AICs are usually 
referred to as “advanced”, “industrialized”, “independent” or “rich” countries (Shaddad, 1979). 
The global market for construction adopts the same economic classification of the world 
countries (Crosthwaite, 2000; Giang & Pheng, 2011). 
The global construction market is worth over US$ 4.7 trillion per annum according to estimates 
for the year 2007 (Crosthwaite & Connaughton, 2007) enjoying a compounded growth rate of 
46% since 1998 where the world construction output was estimated at over US$ 3.2 trillion 
(Crosthwaite, 2000; Sohil & Cailli, 2008). The construction activities are very unevenly 
distributed between the “industrialized” and “developing” countries. Since the late 1960s the 
richer countries dominate somewhere between 80% and 90% of all global construction activity 
either directly or indirectly through their contractors, design consultants and materials producers 
(Drewer, 2001a). Based on an analysis performed by Drewer (1997), Wells (1999) has 
demonstrated the distribution of global construction output during a period of 20 years (1970-
1990) among the world countries as categorized by their economic system. The data set reveals 
that the construction output has become increasingly concentrated in the developed countries 
(Table  2.4) with a decreasing share of planned economies in both developed and developing 
countries. Developed market economies enjoyed prosperous growth in their share in 1990 
(78%), higher by 20% than that of 1970 (58%). Accordingly and based on this evidence, Drewer 
argues, that Turin’s propositions are not supported any more. However, Drewer conclusion 
could be criticize for only considering the absolute share of developed market economies 
meanwhile the share of developed planned economies fell dramatically from 31% in 1970 to 8% 
in 1990. Furthermore, the share of developing market economies increased by 4% during the 
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same period. By combining the shares of market and planned economies for both developed 
and developing countries the results reveal that the share of DCs in the global construction 
output increased from 11% in 1970 to 14% in 1990. This increase in the share of DCs took 
place on the account of the share of developed countries which had decreased from 89% in 
1970 to 86% in 1990. Thus Drewer’s argument against Turin’s propositions does not hold. The 
decline in the share of planned economies, especially in the developed world, might be 
attributed to the collapse of the Soviet Union by the end of 1990s. Table  2.4 below 
demonstrates the distribution of global output in 1970 and 1990. 
Table  2.4: Distribution of global construction output, 1970 and 1990 
Type of countries 
Share as % 
in 1970 
Share as % 
in 1990* 
Developed Market Economies 58% 78% 
Developed Planned Economies 31% 8% 
Developing Market Economies 8% 12% 
Developing Planned Economies 3% 2% 
* the figures of 1990 are averages for 1988-1992.  
Source: Wells (1999) 
The increase of the share of DCs in the global construction output has been demonstrated 
further by many studies. A study by the ILO (2001) indicates that the construction output of DCs 
as a share of the global output had increased from 8% in 1965 to 23% in 1998 (Figure  2.5). 
However and despite the increasing share of DCs in the global construction output, these 
shares do not seem to be proportionate to the size of DCs in terms of population. Statistics 
show that DCs host about 85% of the world population (United Nations, 2008a), whereas, they 
only generate a quarter share of the world construction output (ILO, 2001) (se Figure  2.6). 
Figure  2.7 depicts the disproportionate distribution of population, GDP and construction output 
among the world’s regions. Output is heavily concentrated (77%) in high-income countries 
(Western Europe, North America, Japan and Australasia) which invest substantially more than 
DCs in terms of per capita investment in construction (ILO, 2001). France, for example, is 
ranked the second in the European Union (15% of all construction in Western Europe) and the 
fifth globally in terms of construction output (Drewer, 2001b). 
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Figure  2.5: Distribution of construction output in 1965 and 1998 
Source: (ILO, 2001) 
Figure  2.6: Distribution of construction output and employment, 1998 
Source: (ILO, 2001) 
Figure  2.7: Regional Comparison on Population, GDP and Construction 
Source: Adopted from Shaddad (1979) 
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Despite the slowdown in their economic growth and the overall decrease in their construction 
volume (Pheng et al, 2008), high-income countries of Europe contribute significantly (25%) to 
the total world output of construction (Crosthwaite & Connaughton, 2007). Notwithstanding the 
negative growth in construction spending, the United States dominates the global scene with 
the largest construction market followed by Japan and China which is expected to overtake 
Japan in the near future. China is enjoying a buoyant construction market with a share of over 
12% of global construction spending accompanied with over 9% annual growth (Crosthwaite & 
Connaughton, 2007). The corresponding figures for China’s share in the global construction 
market in 1965 and 1998 were 2% and 6% respectively (ILO, 2001). India maintains its position 
as the 13th in terms of global construction spending in 1998 and 2007 (ENR, 1998; Crosthwaite 
& Connaughton, 2007). However, it is interesting to note that despite not being listed among the 
top 20 countries in 1998, India came second to China in terms of construction spending growth 
with over 8% annual growth rate in 2007 (Crosthwaite & Connaughton, 2007). In general, NICs 
enjoy higher rates of annual growth in construction spending than AICs; China 9%, India 8%, 
Brazil 4%, South Korea 5%, Germany 3%, UK 2%, Japan 2% and USA -2%. 
On the other hand, the distribution of employment is almost the exact reverse of the distribution 
of output, with three-quarters (74%) of the world’s estimated 111 million construction workers to 
be found in DCs and the remaining one-quarter (26%) in the industrialized countries (Table  2.5). 
Yet, while employment has stabilized or declined in many developed countries - as a 
consequence of stability in output combined with a trend towards mechanization/prefabrication - 
it is still increasing in the developing ones (ILO, 2001). In other words, construction employment 
tends to stabilize/decline in countries with capital-intensive industries meanwhile it tends to 
increase in countries where labor-intensive construction dominates. The construction’s share in 
employment tends to follow the same behavior of its contribution to the economy 
(Moavenzadeh, 1978). 
Table  2.5: Global distribution of construction output and employment in 1998 
No. of 
countries Region 
Output ($ m.) Employment ('000s) 
HIC LIC Total HIC LIC Total 
9 Africa  –  20,962   –  1,867   
23 America  723,569  243,247   9,275  10,917   
22 Asia  665,556  387,831   7,258  60,727   
2 Oceania  46,433  –   685  –   
34 Europe  876,546  123,345   11,820  8,978   
90 Total  2,312,104  701,755  3, 013,859  29,038  82,489  111,527  
 % of total  77%  23%   26%  74%   
HIC: high income countries  LIC: low income countries 
Source: ILO (2001) 
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It can be inferred from (Table  2.5) above that the “employment intensity” of construction activity 
is much higher in low-income countries than in the high-income ones. However, construction 
employment as percentage of total employment is higher in developed countries than in 
developing countries (Turin, 1978). The disproportionate output to employment in developing 
and developed countries could be attributed to the higher value of output per person employed 
in developed countries than in DCs where wages and costs of materials are lower. This 
assumption is supported by the fact that despite the concentration of global construction 
employment in DCs, the average construction output per person employed, in the low-income 
countries (LICs), was $8,507 in 1998, compared to $79,623 in the high-income countries (ILO, 
2001). 
The shares of the CI subsectors differ significantly among developed and developing countries 
whereby the majority of DCs, on one hand, invest substantially in infrastructure and civil 
engineering projects (Crosthwaite & Connaughton, 2007), meanwhile most of the developed 
countries, on the other hand, invest in residential and non residential projects (CIB, 2004). 
As the composition of the global construction output has changed during the last decades, the 
structure of the industry has experienced dramatic changes as well. Smith et al (1999) 
highlighted the development of procurement in the building industry part of the CI during 1949-
1999 (Table  2.6). It is important to note that this comparison is limited to the building industry 
and does not consider civil engineering and infrastructure component of the CI. 
Table  2.6: Comparison of past and present construction industries, 1949 and 1999 
Features of 
Industry 
1949 (PAST) 1999 (PRESENT) 
1.Client 
Involvement  
• Not encouraged  
• Lead by design team  
• Government a significant client  
• Closer involvement with client, 
the key driver of change  
• Clients with financial and 
organizational advisers focused 
on cost, time and quality 
• Project initiation and briefing 
receiving more attention 
• Government less significant 
client  
2. Procurement 
Methods  
• Lump sum traditional  
• (Specification/Drawings; Bills of 
Quantities; Schedule of rates) 
Separation of design and construction  
• Traditional procurement 
methods losing ground 
• More design-build, notation, 
management contracts  
• Alternative integrated 
arrangements expanding  
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3. Project 
Organization  
• Architect and engineer dominate 
• Architect leader of design team 
• Narrow professionalism 
• Designers determine client’s problem  
• Project managers leading the 
design team and delivering 
client needs in cost, time and 
quality 
• Specialist consultant roles 
expanding 
• Design seen as a service 
• Growth of value management 
and facilities management.  
4.Construction 
Firms  
• Paternal, hierarchical, accepting of 
design team authority, not pro-active 
for change 
• Poor financial management skills with 
high levels of bankruptcy  
• Companies leaner and more 
competitive 
• A more professional attitude 
toward marketing 
• Financial base improved to 
satisfy client demand 
• Improved cash flow and claims 
management  
5. Construction 
Methods  
• Site based and traditional 
• Traditional craft trades dominate 
• Low levels of technology 
industrialization 
• Unions gaining strength 
• No builder registration  
 • More off site activities, methods 
and components 
• Enterprise bargaining at 
national and local levels 
• Buildability, time and cost, 
prime factors for consideration 
• Increased use of management 
techniques  
6. Education  • Separation of disciplines and trades  • Multi-skilling in trades 
• Emergence of joint education 
programmes for designers and 
construction managers  
Source: Smith et al (1999) 
2.7. The Role of the Construction Industry in Developing Countries 
Estimates of global construction output show that the share of DCs in global construction output 
had tripled in 1998 reaching 23% while the corresponding share in 1965 was 8% (Figure  2.5). 
The contribution of DCs to the global construction output (23%) is disproportionate to their share 
in the world’s population (66%) or the employment in global construction (74%) (see Figure  2.7). 
The share of the CI in the total GDP of most DCs is higher than that of manufacturing (World 
Bank, 1984). It should be noted, however, that socio-economic development potentials and 
prospects varies among DCs. The CIs of these countries have different sizes, capabilities and 
potentials (Ofori, 2001a). Thus, the significant contribution of construction to the economy is not 
consistent across all DCs (Giang & Pheng, 2011); in most sub-Saharan countries, the CI 
constitutes less than 5% of GDP. The corresponding average for developed countries is 7% 
(World Bank, 1994). In Equatorial Guinea, for instance, the average annual construction 
spending as share of GDP (1996-1998) exceeded 57% (ENR, 1998). Surprisingly, the country 
was not listed among the top 20 countries ranked by neither the average annual construction 
spending growth nor GDP growth. Some countries (i.e. Singapore) have enjoyed significant 
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socio-economic development which has resulted in their transition into NICs, thanks to the CI 
(Ofori, 1988). On the other hand, some of the DCs (i.e., Yemen) have experienced decreasing 
patterns in value added in construction as share of GDP (Sultan & Kajewski, 2006). 
In contrary to what is observed in mature economies where the share of the CI in GDP has 
decreased and the rate of growth in construction output tends to slow down (CIB, 2004), DCs 
have experienced a dramatic increase in both the output of and employment in construction 
during the past 30 years, even in the absence of real economic growth. It is interesting to note 
that the poorer and less developed the country, the greater the share of construction in total 
output and employment may be (ILO, 2001). 
Studies (Wells, 1985b; Crosthwaite, 2000; Giang & Pheng, 2011) demonstrate that, in most 
DCs, construction grows faster than GDP does, implying that the GDP elasticity of construction 
is greater than one (Wells, 1984). Wells (1985b) employed a general analysis on the average 
annual growth rate of construction and GDP during a 20 years period (1960-1980). The analysis 
exhibited that construction output in the regions of Africa, Latin America and Middle East grew 
at a rate double that of GDP. Meanwhile, the construction output in developed market 
economies grew slower than the economy as a whole. In some countries, the growth rate of 
construction output was almost triple the rate of growth of GDP (i.e., Morocco, Nigeria, Cuba). 
Surprisingly, construction output in some DCs, during that period, increased at spectacular rates 
(quadrupling in 8 years in Cuba, quintupling in 8 years in Saudi Arabia). Wells (1984) suggests 
that DCs could possibly benefit from comparing its growth trends to those of Europe after the 
Second World War (WWII) when construction output triples in 20 years creating a tremendous 
strain on the industry. It should be noted that growth rates are, however, spectacular and do 
start from a very low base (Wells, 1985b). In general, DCs dominate the countries ranked by 
annual construction spending as share of GDP and by annual construction spending growth 
indicating the importance of construction to DCs economies (Crosthwaite, 2000). Nevertheless 
and despite the increasing share of DCs in global construction output, the industry is assumed 
to be far from serving as a ‘driving force’ for development (Wells, 1984). This phenomenon 
could be possibly attributed to manifold factors which are enumerated in chapter ( 3).  
It should be noted that a large proportion of construction activities in DCs is carried by the 
informal sector (Moavenzadeh, 1978; Wells, 1985b; Makenya, Rwelamila, & Chobya, 1998; 
Ebohon & Rwelamila, 2001). Moreover, the demand for housing in DCs is believed to be 
growing beyond the supply capacity of those countries. In low and middle income countries 
about 30-70% of urban housing stock is thus illegal or unauthorized (Sustainable Development 
Task Force- FIDIC, 2003). de Bustillos (2005) refers to the construction of informal settlements 
which are developed spontaneously as “Engineering without Engineers”. Therefore, if the output 
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from the informal sector, which is frequently disregarded/omitted from national statistics (Wells, 
1985b), is considered, the construction output by DCs will probably be much higher. 
Construction in DCs is dominated by investment in infrastructure (Crosthwaite & Connaughton, 
2007) and housing (Sustainable Development Task Force- FIDIC, 2003). The increasing 
demand for infrastructure is triggered by structural changes in the economy where the private 
financing for infrastructure has surged worldwide (Figure  2.8), with no exception to DCs 
(Sustainable Development Task Force- FIDIC, 2003). In the recent years, official development 
assistance (ODA) disbursements on DCs have actually decreased in real terms since 1988 
(Sagasti & Alcalde, 1999). The ODA and private capital flows to infrastructure in DCs follow 
exactly the same trends of general capital flows (Sustainable Development Task Force- FIDIC, 
2003).  
Figure  2.8: Evolution of total net financial flows to developing countries and multilateral 
organizations 
Source: Sagasti & Alcalde (1999). 
2.8.  Conclusions 
This chapter provided broad definitions for the CI in an attempt to draw its boundaries. It 
highlighted the importance of the CI and its role in the development of nations by demonstrating 
its socio-economic significance focusing on DCs. The importance of the construction sector is 
obviously attributed to its response to the demand made by others sectors of the economy for 
construction products. The importance of the industry also stems from the forward and 
backward linkages between the construction sector and other sectors of the economy. 
This chapter reviewed some research efforts to measure the contribution of the CI to the 
economy in both developed and developing countries. Almost all these researches have 
concluded that construction is the backbone of development, and that the growth of any 
economy is tied to the level of output of the construction sector. However, it is important to note 
that beyond a certain stage of development, the construction sector may not keep pace with 
38 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
  
 
GDP growth and consequently makes smaller contribution to economic growth. This chapter 
also demonstrated the causality relationship between construction and economic growth. The 
nature of the causality relationship between construction and the economy appears to differ 
among countries. In some countries construction is growth-dependent while in others it is 
growth-initiating. Furthermore, this chapter highlighted the importance of the BMI as part of the 
CI indicating that the share of BMs in the total value of construction ranges from 50% to 80%. 
The distribution of global construction output among developed and developing countries was 
exhibited as well. 
  
 
 
 
 
 
 
 
 
 
3. Chapter Three: The Challenges Facing the Construction and 
Building Materials Industries in Developing Countries 
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3.1. Introduction 
The construction industry everywhere, given its special problems and requirements, faces 
problems and challenges. Developing countries are faced with challenges which are different in 
nature and context than those of developed countries. The following chapter provides a general 
picture about the construction industry in developing countries enumerating the hindrances to its 
development. It reviews the attempts for categorizing the problems of the CI in DCs. 
3.2. The Structure of the Construction and Building Materials Industries in 
Developing Countries 
The construction industry everywhere is known of embracing a wide spectrum of activities and 
can hence be categorized in different ways. Indeed different construction activities require 
different resources, technologies and skills. Categorizing construction activities in DCs, based 
on the levels of resources utilized and technologies employed, was initiated by Turin (1973). 
Turin has devised a matrix in which he categorized the CI in DCs into four main sectors namely: 
(a) the international modern; (b) the national modern; (c) the national conventional; and (d) the 
traditional. Turin’s matrix is useful in the sense that the resources that impose constraints on 
various sectors and therefore determine their total capacity can be easily isolated (Shaddad, 
1979). It should also be noted that the boundaries between these sectors are not rigid and 
overlapping do exist. The proposed matrix facilitates the study of the CI in a typical DC and 
demonstrates the possible factors influencing the expansion of each sector of the industry. 
The classification of various types of projects implies different requirements for; design and 
construction expertise, various construction resources and administrative considerations (Ofori, 
1993a). Each category makes different demands upon resources, skills and building materials. 
The “international-modern” undertakes mega projects and requires sophisticated materials and 
components, plants and equipment (mostly imported), highly qualified professionals and skilled 
labor. The sector is dominated by foreign firms. The “national-modern” caters for both public and 
private demand for middle sized urban buildings in urban centers which require some imported 
materials and plant and employ skilled personnel. Local contractors usually undertake the work 
of this sector. The “national-conventional” develop most of rural infrastructure and private 
houses in urban and semi-urban centers utilizing a mixture of traditional materials and 
techniques and a few selected modern inputs. The “traditional” category predominates in rural 
areas and, in some cases, in the areas between rural and urban settlements, and mostly 
operates outside the monetary system. 
Following the steps of Turin, Drewer (1980) developed a similar categorization for construction 
in DCs. Unlike Turin’s matrix, which categorizes construction projects in terms of demand made 
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upon resources and skills, the matrix proposed by Drewer was developed in accordance to the 
structure of supply (Table  3.1). Drewer classified supply as: international; large national; 
medium national; and small national (formal and informal). 
Table  3.1: Supply of and demand for construction services 
  Structure of supply 
Structure of demand 
inter-
national 
large 
national 
medium 
national 
small 
national 
International modern *** * - - 
National modern  - *** ** * 
National 
conventional  
- ** *** ** 
Traditional  - - - *** 
*** strong interaction    * medium interaction    * weak interaction    - no interaction. 
Source: Drewer (1980) 
Ofori (1989; 1993a) proposed another alternative system of categorization which involves formal 
and informal sector. The projects in the formal sector are usually designed and authorized 
whereas the projects in the informal sector, which are prevalent in rural areas and the 
unauthorized settlements on the fringe of urban centers, are not. The informal sector is 
geographically wide spread than the formal sector. In Ofori’s matrix, the formal sector is 
subdivided into four subsectors namely; (a) “international”, (b) “conventional large”, (c) 
“conventional medium or small” and (d) “self-help”. The informal sector is subdivided into (e) 
“monetary traditional” and (f) “subsistence” (Figure  3.1 and Table  3.2). 
The projects in the international subsector, in line with Turin’s categorization, are generally: 
infrequent, large and technically complex, financed with foreign aid, designed overseas, tenders 
are invited on an international basis and employ sophisticated (and mostly imported) skilled 
professionals and managerial personnel, plant, equipment, materials and components. The 
client is usually the government and on a few occasions, a very large local or international 
organization. 
The projects in the conventional-large sector are less sophisticated and more frequent than 
those in the international one. They are a mixture of building and civil engineering projects and 
are usually undertaken by local construction enterprises and foreign–owned firms. They require 
imported materials, plant and equipment, technical and managerial staff and skilled operatives. 
The projects in the conventional-small/medium sector are dominantly labor-intensive utilizing a 
mixture of conventional and locally developed materials. They offer scope for the development 
of small contracting firms which face the whole range of difficulties characterizing the CI in DCs 
as well as the introduction of locally-developed materials and their production. The investment 
in this sector is generally a mixture of public and private sector. 
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The projects in the self-help sector use the same materials and techniques as the conventional 
small/medium, however they are not undertaken by commercial construction firms. They are 
constructed by the populace in rural areas with possible assistance from the government in the 
form of funds, working drawings, supervisory personnel and/or materials. The sector has the 
potential for disseminating and upgrading technical and managerial construction skills as well as 
meeting the demand for construction products. 
The monetary-traditional sector operates outside the sphere of construction professionals and 
contractors. It provides, mainly, housing for the populace in rural areas. Generally, the sector 
uses traditional (available) materials as well as (affordable) conventional materials. The 
dwellings in the subsistence sector are procured by the clients themselves and their families or 
with the help of informal cooperatives. The clients in this category can possibly move into 
monetary-traditional sector as their circumstances improve. 
Both Turin’s and Ofori’s matrixes follow the same approach in categorizing the CI in a typical 
DC based on the nature of projects and the resources they required. Ofori’s matrix considers 
the informal sector in the CIs of DCs as an important sector with great potentials. For both 
matrixes, the composition of demand for materials is affected by the composition of construction 
output and by the construction technology employed. The categorization of the CI, in the way 
Turin and Ofori did, demonstrates the heterogeneity of the CI, thus a single approach towards 
the development of any CI will not be useful. Additionally, the subsectors of the CI do not 
necessarily follow the same trend in demand for construction output and thus for resources.  
Drewer (2001b) has split construction output into normal and extra-normal construction in 
accordance to the resources required. Normal construction encompasses projects which 
constitute those elements of demand for construction that are absorbed by an economy without 
imposing any excess costs that might damage that particular economy. Whereas, extra-normal 
construction projects are those which impose additional costs on the economy as they cannot 
be resourced sufficiently within acceptable balance between the use of domestic and imported 
resources. The classification of construction projects into normal or extra-normal construction 
projects is a function of size, technology and production intensity. Thus, differences in the 
capabilities of the CI in different countries, in terms of resources and skills available require 
differently categorizing similar projects in those countries. 
The categorization of the CI, in terms of capacity and resources, helps understanding the 
requirements of the industry as a whole and assessing its potentials and capacity relative to 
each sector. Deriving the demand imposed on each sector (Turin’s matrix) in the light of supply 
potentials (Drewer’s Matrix) help planning for the long-term development of the industry. 
Moreover, identifying the problems facing each subsector of the industry facilitates setting 
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sector-specific strategies and programmes for the improvement of subsectors performance 
based on each subsector peculiarities and potentials. It will also be useful for prioritizing the 
sub-sectors in term of improvements and actions needed. 
Table  3.2: A matrix for the construction industries of developing countries 
Type Resources Limiting factors
International
(dams, motorways, special factories, 
conference
complexes, luxury hotels)
Foreign-owned contracting firms
Some foreign consultancy
Imported materials and equipment
Professional and managerial personnel
Foreign exchange (S/MT)
Executive capacity of client organisation 
(L/MT)
Professional and managerial skills (MT)
Conventional - large
(offices, highways, factories, blocks of flats)
Large local contractors
Some imported materials
Plant and equipment
Skilled personnel
Foreign exchange (S/MT)
Professional skills (MT)
Intermediate skills (MT)
Conventional - medium or small
(modern, medium or small: schools, feeder 
roads, houses)
Small local contractors
Imported/local materials
Few skilled managerial or technical staff
Skilled operatives
Skilled operatives (MT)
Intermediate skills (MT)
Efficiency of contractors (LT)
Self-help
(social communal facilities, roads)
Government technical aid
Local/imported materials
Voluntary labour by community
Government’s extension services (LT)
Local initiative and enthusiasm
(Co-operative habit) (L/MT)
Monetary - traditional
(houses, shops and similar small buildings)
Traditional materials and tradesmen Attitudes of clients and users (LT)
Subsistence
(houses, barns, communal facilities)
Traditional materials
Owner/co-operative labour
Attitudes of clients and users (LT)
Clients’ initiative and leisure time (ST)
Abbreviations: ST, short term; S/MT, short and medium term; MT, medium term; L/MT, long and medium term; LT, long term.
Source: Ofori (1989) 
 
 
Figure  3.1: Categorization of the construction industry in developing countries 
Source: Turin (1973) and Ofori (1993a) 
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3.3. Categorizing the Problems of the Construction and Building Materials 
Industries in Developing Countries 
3.3.1. Overview 
Despite the similarities of problems related to the CI in all countries, there are also significant 
differences between the developed and developing countries (Milford, Hodgson, Chege, & 
Courtney, 2002). The CI in the majority of DCs is believed to lag behind from fulfilling its 
potential role in the socio-economic development process (World Bank, 1984; Wells, 1984; 
Ofori, 2006). Ofori (2000; 2006) states that the CI in DCs, given its specific requirements and 
problems, performs in a general situation of socio-economic stress, chronic resource shortages, 
institutional weaknesses and a general inability to deal with the key issues. The problems facing 
the CIs of DCs are more fundamental, more serious, more complex and their solutions are 
much more pressing (Ofori, 1993b). In particular, Ofori (2000; 2001b) noted that although 
construction may account for a significant proportion of national economic activity in DCs, in 
many cases the indigenous industry is weak and under-developed and much of the construction 
activity is undertaken by multinationals. Wells (1984) noted that any aspect of the CI should not 
be considered in isolation from the general policies related to the development of the sector and 
the economy as a whole. 
Fox et al (2006) emphasized the need for a theoretical framework for the construction industry 
development (CID) against which problems can be identified and remedies can be evaluated. 
Therefore, all the factors, within any framework developed, influencing the development of the 
CI could be interpreted as the problems by which the industry is faced. Attempts to categorize 
the problems of the CI in DCs have been made by many researchers who have enumerated the 
impediments to the development of the CI in DCs (Ofori, 1980; Al-Omari, 1992; Fox, Hills, Fong, 
Hon, & Skitmore, 2006).  
The United Nations Center for Human Settlements (UNCHS, 1986) classified the underlying 
problems of the CI into two main groups: (a) problems related to the structure of the 
construction sector as not viewed and planned in a holistic manner, but, rather, operates with 
fragmented, unrelated and often conflicting components resulting in wastage, duplication, 
inefficiency and inability to plan for total development; and (b) problems related to deficiencies 
in the specific inputs required for the supply of construction output and to unfavorable 
characteristics of the sector in terms of demand.  
Ofori (1980) has identified eight main factors influencing the CID in DCs, namely: economic 
growth and stability; government recognition; planning and resources; codes and procedures; 
use of local materials; education and training; appropriate technologies; and incentives for local 
contractors (Table  3.3). Al-Omari (1992) has shortened these factors into six, including: external 
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environment; indigenous environment; development planning and policies; planning 
prerequisites and measurement tools; implementation strategies; and working environment 
(Table  3.3). Fox and Scott (1999), using a grounded theory approach, captured a set of 42 
factors that influence the CID in DCs. These factors have been categorized into three main 
groups which have been further broken down into six subcategories (Table  3.3). In their 
framework, Fox and Scott consider the role of government a main category within which the 
general environment (socio-economic and political) and the construction environment are 
brought together. The resources available to the CI, which to some extent determine how 
functional the industry performs, are considered in a separate category.  
Instead of simply adding a new set of factors influencing the CID in DCs, Fox (2006) has 
developed a six-factor generic model by incorporating his previous results of research on the 
CID “cultural factors” (Fox & Skitmore, 2002) into Ofori’s model “traditional factors” (Ofori, 1980). 
Fox’s sixth-factors model (Fox & Skitmore, 2002; Fox, Hills, Fong, Hon, & Skitmore, 2006) 
compromises of: (a) traditional factors, including (i) basic resources and infrastructure (physical 
and institutional, (ii) financial and human resources and (iii) techniques supporting high 
production performance and (b) cultural factors, including (iv) long term vision and policy for the 
industry, (v) thinking the best and behaving the best (best practice culture) and (vi) a learning 
culture (Figure  3.2). 
 
Figure  3.2: Generic model of the factors influencing the development of the construction 
industry 
Source: Fox & Skitmore (2006) 
Ofori’s model concentrates on the Ghanaian CI while Al-Omari’s model is based on a case 
study in United Arab Emirates. Fox’s model is probably the first model developed from multi-
type and multi-country sources. It is developed to fit the international context, therefore the 
factors included in the model are relevant to both developed as well as developing countries 
(Fox & Skitmore, 2002). 
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In all the attempts made to categorize the problems of the CI, the researchers tend to segregate 
the factors that relate to the general environment from those specific to the structure and the 
performance of the CI. This approach seems to be suitable for DCs were the general socio-
economic and political context within which the industry performs is seriously weak.  
Kumaraswamy (2006) has developed a framework identifying the drivers, barriers and linkages 
between national development, infrastructure development and CID. The framework depicts 
how important the CI is for the provision of sustainable infrastructure and for achieving 
sustainable development goals. Despite that Kumaraswamy’s framework does not cover all the 
possible important drivers for and barriers to CID, it provides, however, a good relationship 
between construction, infrastructure and development (Figure  3.3). 
Figure  3.3: Drivers for and barriers to Construction Industry Development 
Source: Kumaraswamy (2006) 
Sultan and Kajewski (2003; 2004; 2006) have investigated the barriers to the development of 
the local CI and BMI in Yemen as a developing country. Their research findings demonstrate 
the importance of factors influencing the development of the CI on one hand and the BMI on the 
other hand. Thirteen factors have been identified as possible impediments to the CID in Yemen. 
The influence of nine factors has been examined in regard to the BMI development. Some 
factors act as impediments to both CID as well as BMI development (i.e., bureaucracy, lack of 
research, lack of finance…etc). In their research, Sultan and Kajewski examined the importance 
of the factors causing the presence of two specific phenomena in the CI of Yemen namely; high 
costs of construction and construction waste. 
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3.3.2. A New Generic Model 
As demonstrated in chapter ( 2), the CI covers a wide spectrum of activities and is known to be 
complex and multidimensional. Therefore, the magnitude of performance and the level of 
development of the CI cast shadows on the entire country rather than few sectors of the socio-
economic system solely. Hence, the factors that impact on the industry’s performance and 
development are believed to be multi-faceted, and are thus difficult to identify (Fox et al 2006). 
Difficulties in categorizing the factors influencing the CID are represented in the complex nature 
of these factors and the interrelation between them (Ofori, 1993b) meaning that a specific factor 
could come under more than one heading of categorization. Additionally, some factors might not 
fit under any of the generic group headings (Fox & Scott, 1999).  
Many authors have attempted to identify the factors influencing the CID in DCs (Ofori, 1980; Al-
Omari, 1992; Fox & Scott, 1999; Fox et al 2006). Despite the adoption of different points of 
views in categorizing the factors influencing CID in DCs, almost all the researchers tend to 
consider the same factors but within different sets of categorization. For example, the factors 
proposed by Ofori and Al-Omari seem to be similar, however, with different titles of broad 
categorization (Table  3.3). For instance, the factors related to the external environment, as 
identified by Al-Omari, encompass the factors related to economic growth and stability and 
government recognition as referred to by Ofori. Furthermore, codes and procedures in Ofori’s 
model fall within the category of planning prerequisites and measurement tools as named by Al-
Omari. One could argue that resources, use of local materials, appropriate technologies (factors 
identified by Ofori) could be seen as part of the indigenous environment factors in Al-Omari’s 
framework. Similar arguments might come to the scene when a specific factor falls within two or 
more sets of categorizations. For example, the factors related to the involvement of local 
contractors might be considered as factors that fall within the indigenous environment while 
others might call for its presence among factors affecting the working environment in terms of 
motivational efforts. 
Furthermore, it should be noted that, by no means, none of the factors influencing the 
performance of the CI should be treated in isolation since that most of the factors are probably 
multi-influential. In other words, consequences of an effect resulted from a specific factor can 
possibly influence other factors within the same category and/or other categories. For example, 
the adoption of codes and regulations that prohibit the use of specific materials might have an 
impact on the use of local materials and would consequently determine the technologies to be 
adopted. Such a scenario involves three broad factors of Ofori’s framework with dynamic 
effects. Similar dynamism of cause and effect develops endless arguable scenarios. 
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Table  3.3: Categorization of factors affecting the development of the construction 
industry in developing countries 
Ofori’s EIGHT Factors (1980) Al-Omari’s SIX Factors (1992)
1- Economic growth and stability   1- External environment 
2- Government recognition   2- Indigenous environment 
3- Planning and resources   3- Development planning and policies 
4- Codes and procedures   4- Planning prerequisites & measurement tools 
5- Use of local materials   5- Implementation strategies 
6- Education and training  6- Working environment 
7- Appropriate technologies   
8- Incentives for local contractors   
   
Fox (1999)
 
Fox (2006)
1- Government Role  1- Traditional Factors 
1-1 General Environment  1-1 Basic resources and institutional 
infrastructure 1-2 Task Environment  
1-3 Client  1-2 Financial and human resources 
2- Behavioral Factors  1-3 Techniques and technologies supporting 
high production 3- Key Resources  
3-1 physical Resources  2- Cultural Factors 
3-2 Human Resources  2-1 Long-term vision and policy for industry 
  2-2 Thinking the best and behaving the best 
  2-3 A Learning culture 
   
Author’s Proposed Categorization
  
1- Socio-Economic and Political Environment   
2- Construction Industry Environment   
2-1 Construction Industry Structure and Capacity   
2-2 Working Environment and Behavioral 
Factors 
  
3- Resources (Financial, Physical, and Human)   
3-1 Financial Resources   
3-2 Physical Resources   
3-3 Human Resources   
4- Supporting Systems   
4-1 Regulatory System and Institutional 
Framework 
  
4-2 Research and Development    
Along with the above mentioned attempts to identify the factors influencing the development of 
the CI in DCs, Ofori (1993a; 1993b) has enumerated the main difficulties facing the CI in DCs 
tracing them to their individual roots and the factors underlying them. Ofori (1993a) 
acknowledged the efforts made by the UNCHS (1981) to look beyond the problems by which 
the CIs of DCs are faced. However, he noted that the results were not comprehensive in the 
sense that they had not traced all the problems to their real causes of existence saying: 
“ … it becomes clear that apart from those relating to the wider economy these 
‘underlying factors’ do not explain the problems facing the construction industries; they 
are in fact, part of the commonly-referred-to ‘symptoms’”. 
 (Ofori, 1993a, p. 16) 
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Once again the difficulty in tracing the causes and effects of the CI syndromes is highlighted. It 
becomes clear that identifying the factors outside the CI arena is obvious and straightforward, 
however, the categorization of other factors which specifically affect the CI, remains challenging. 
The difficulty in categorizing the factors influencing the performance of the CI could be attributed 
to lack of specific criteria in categorization beside the multi-dimensional effect of factors. Hence, 
a clear distinguish between sets of categories and the factors they include should be made. All 
the reviewed attempts to bundle the factors influencing the CID in DCs in categorized groups 
allocate the factors which are related to the socio-economic and political performance in a well-
defined group, however with different titles. On the other hand, variations widely appear in the 
categorization of the remaining factors. 
It seems that it is better for DCs to follow a general approach in analyzing the performance of 
their CIs. In other words, countries with weak CIs should focus on re-establishing their industries 
in a holistic manner rather than attempting to achieve partial and ineffective improvements. In 
this sense, eliminating the socio-economic and political problems is of high priority. Additionally, 
evaluating the ability of a country in developing its CI might start by assessing its capabilities 
and potentials in regard to the industry structure, resources and the institutions needed to 
support that development. 
Fox et al (2006) recommend developing a framework to facilitate identifying the impediments to 
CID. Accordingly, the underlying study proposes a theoretical model for categorizing the 
problems facing the CI and the BMI in the Sudan. The model is based on the literature and what 
is believed to impact on the Sudanese Construction Industry (SCI) and the Sudanese Building 
Materials Industry (SBMI). Therefore, reviewing the problems of the CI in DCs will be viewed as 
categorized in the proposed model. However, it is important to note that there is much 
overlapping and interrelationship between different groups of categorization. Thus, the 
categorization and subdivisions are only for convenience. The proposed theoretical model 
categorizes the problems facing the CI in DCs as depicted in (Table  3.3) and (Figure  3.4). 
Figure  3.4: A proposed model for factors influencing the performance of the CI 
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3.4. The Problems of the Construction and Building Materials Industries in 
Developing Countries 
The difficulties confronting the CIs of DCs and impeding their development have been 
extensively investigated by international organizations (UNCHS, 1981; 1984; World Bank, 1984; 
ILO, 1987), as well as by researchers, academics and professionals (Turin, 1973; 
Moavenzadeh, 1978; Wells, 1986; Ofori, 1993b; 1994b). Some of these studies are region-
specific (Ofori, 2001b) while some are country-specific (Sultan & Kajewski, 2003; 2004). 
Moavenzadeh (1978) has highlighted the issues facing the growth of a viable indigenous CI in 
DCs within the context of the activities involved in the creation of constructed facilities – 
planning, design, construction and maintenance. Wells (1984) summarizes the problems 
confronting the CI in DCs as: very little local production of building materials or components, 
plant or equipment, hence heavy dependence on imported products; local products are 
available frequently of poor and variable quality and subject to long delays in delivery due to the 
inadequacy of the transportation network, monopoly, hoarding and other difficulties, hence, high 
and rising prices for construction products; severe shortages of all kinds of skilled labor, 
particularly craft skills, technicians and supervisors, thus heavy dependence on imported labor; 
and inadequate development of the local contracting industry (local contractors, where they 
exist, operate only on the smallest projects) and little or no competition for construction 
contracts, hence dependence on foreign contractors and once again, high prices. 
Ofori (1993a) has enumerated the main problems of the CI in DCs as: fluctuation in construction 
activities; shortage of construction materials; inappropriateness of construction contract 
documents; shortage of skilled construction personnel; and the weakness of contracting 
enterprises. The underlying factors contributing to some of the above mentioned problems are 
illustrated in (Figure  3.5 and Figure  3.6). 
Ofori (1994b) epitomizes the problems facing the construction industry in developing countries, 
saying that:  
“Most developing countries have abundant human resources. However, they face 
shortages of skilled construction personnel owing to inadequate educational and training 
facilities and programmes. Construction enterprises show little interest in human 
resource development; they adopt casual employment practices. The level of 
technological development of the industries is also low. This is due to inadequate R&D 
facilities and programmes, poor linkage between research and practice and foreign 
exchange difficulties which hinder the importation of equipment and spares”. 
 (Ofori, 1994b) 
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The United Nations Center for Human Settlements (UNCHS, 1996) encapsulates the problems 
of DCs in reference to CI as:  
“Key building materials are scarce and expensive; access to finance is limited; much 
needed equipment and machinery are not easily available; skilled workforce is 
underdeveloped; and other supporting mechanisms, such as regulatory systems and 
research efforts, have had little or no impact on the development trends of the industry. 
A further problem is that large amounts of capital are needed to pay for large scale 
infrastructure with the financial returns coming over a long period. Such projects are only 
profitable when considered over a time period that is longer than most commercial 
investments. Investors are reluctant to commit capital to long term projects when other 
investment opportunities give a more rapid pay-back and when there is uncertainty 
about the future demand for new infrastructure”. 
Figure  3.5: Factors underlying the fluctuations in construction activity in developing 
countries 
Source: Ofori (1993a) 
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Figure  3.6: Factors contributing to the shortage of construction materials in developing 
countries 
Source: Ofori (1993a) 
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3.4.1. Factors Related to the Socio-Economic and Political Environment 
The World Bank (1984) relates the shortfalls of the construction sector to inadequacies of other 
systems upon which construction relies. Ofori (1993b) points out that the underdevelopment of 
other sectors within the socio-economic context in DCs is an important contributory factor to the 
problems of the CI in these countries. He argues that some sectors of the economy need to be 
improved as a prerequisite for the improvement of the construction sector. He also recommends 
that any study on the CI in any country should not isolate the industry and must place it in its 
proper economic, social and administrative context. 
Developing countries, in general, are characterized by: inexorable economic decline; low figures 
of per capita Gross National Product (GNP); low figures of life expectancy; low figures of 
average literacy; low amounts of energy consumption; low levels of accumulated capital; low 
quality of factors of production, especially labor; high rates of inflation; severe balance of 
payments problems; high rates of population growth; vast regional inequalities in development; 
and inability to meet basic human needs (Shaddad, 1979; Rwelamila, 2002). The population of 
most DCs grows faster than GDP, resulting in a fall of per capita GDP (Hillebrandt, 1999). Such 
conditions do not only create poor living conditions, but may also partially account for low 
productivity and inability to do strenuous work (Moavenzadeh, 1978). DCs are faced with a 
general situation of socio-economic stress, chronic resource shortages, institutional 
weaknesses and a general inability to deal with key issues (Ofori, 2000) in addition to 
constraints on and misallocation of capital and foreign-exchange (World Bank, 1984). The 
situation in Sub-Saharan Africa (SSA) speaks for itself; 70% of the world’s poorest countries 
exist in the region, with annual growth rates of 3% and 2% for population and GDP respectively. 
It is also the only region in the world where poverty is known to be on the rise (Zawdie & 
Langford, 2000). 
The urban population of the least developed countries (LDCs), which represents more than two 
third of the urban population in the world, has increased from 0.8 billion in 1975 to 2.3 billion in 
2005 and expected to be 2.9 billion in 2015 (United Nations, 2008a). The population and 
urbanization growth trends experienced by DCs impose huge constraints on the development of 
DCs with much burden on the provision of shelter (Jayasinghe & Perera, 2003) and services 
thus putting further pressure on nations’ resources and capabilities. Notwithstanding the need 
for a wide range of constructed goods to achieve socio-economic development, the rate of 
construction in DCs in general, is far below the demand for shelter, infrastructure and other 
amenities (Elkhalifa & Balila, 2010). The existing problem of providing adequate housing, thus, 
worsens consequently (Moavenzadeh, 1978). 
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The political and economic instability, which imposes considerable risks and uncertainties on 
the general socio-economic environment (Okema, 2000), impedes the implementation of long-
term development plans and the enforcement of effective strategies. Given the role that 
government plays in CID in any economic system (Fox & Scott, 1999), the literature reveals a 
general consensus that governments of DCs, frequently, do not include construction in national 
plans (Palalani, 2000) or are unable to take effective action to direct the CI explicitly to operate 
in tandem with national development strategies and plans (Moavenzadeh, 1978; Wells, 1984; 
Fox & Scott, 1999). Fox and Scott (1999) argue that the government, through its policies 
towards intervention, can influence the performance of the CI through; its influence on the 
general environment (i.e., policies, intervention); its influence on the CI (i.e., institution-building 
and development, rules and regulations); and its influence as a client. They have listed some 
problems of the CI in DCs where the government can play significant role, namely; adoption of 
out-dated colonial rules, rigid attitudes, dependence on external aid, inappropriate governmental 
system, bureaucracy in tendering and fluctuating level of demand. Moavenzadeh (1978) 
suggests that governments of DCs can influence the CI through the control of prices and 
availability of certain materials, allocation of workforce, promotion of technological innovations 
and establishment of building codes and related regulations. Wells (1985a) suggests that 
governments must be committed to “integrated strategy” that serves resolving specific problems 
and constraints as well as improving the general business environment of the industry. It has 
been proven that construction cannot simply be given a boost in order to promote growth unless 
it is part of the creation of an indigenous construction capacity (Wells, 1985b). Accordingly, 
governments should play a role more than the injection of finance and restrain of wages 
(Strassmann, 1970a; 1970b). 
Despite the important role that governments could possibly, and they should, play in 
overcoming the constraints imposed on the construction sector, this role is declining and 
becoming marginal in DCs (Shaddad, 1979; Smith, Love, & Jackson, 1999). Moavenzadeh 
(1978) noted that a review of more than 40 development plans for countries at various stages of 
development had revealed the tendency of limited consideration to the role of construction. 
National development plans, if ever include construction explicitly, they usually tend to consider 
only public sector projects without including the private sector (Ofori, 1993a). Many writers have 
stressed the importance of and the need for including construction in national development 
plans (Turin, 1973; Drewer, 1980) or at least to plan for construction resources (Ofori, 1994a).  
Additionally, DCs lack construction performance measures and indicators upon which the 
government and stakeholders may base their intervention and/or development policies and 
strategies (Tindiwensi, 1999). Fox and Skitmore (1991) argue that lack of information about the 
performance of the CI leads to misallocation of resources. In general, attempts for measuring 
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and/or developing any sector in DCs, especially the CI, are hindered by lack of accurate and 
reliable data. Moreover, the deficiency in dependable basic statistics is a further hindrance to 
planning for development (Sultan & Kajewski, 2003). Therefore, the CI in DCs remains 
unresearched and undocumented leaving the industry with no history (Palalani, 2000). The 
inaccuracy of data on construction sector in DCs, if ever available, must be interpreted with 
caution (Wells, 1985b). Drewer (1980) based his argument against Turin’s (1973) propositions 
on the fact that the data available from DCs were not reliable. International organizations (i.e. 
the UN) are attempting to unify the definition and presentation of national statistics, however 
many countries deviate from these standardized sets (Wells, 1985b). Ofori (2001a) calls for the 
establishment of a central body, to collect, process and disseminate construction data to 
overcome the lack and inadequacy of accurate data relating to the CI in DCs. 
3.4.2. Factors Related to the Construction Industry Environment 
3.4.2.1. Construction Industry Structure and Capacity 
The CI is, by nature, fragmented and characterized by the division of responsibilities between a 
large numbers of participants in the construction process (Wells, 1984). The industry is 
frequently blamed for the separation of design from production (Hindle, 2004). Three parties 
dominate the industry - the client, the professional and the contractor sector (including finance, 
manpower, materials and equipment) - with a different arrangement than that of the 
manufacturing where the designer and producer are in a single sector and the client enters only 
at the end (Moavenzadeh, 1978). The structure of Sub-Sahara Africa’s construction sector, with 
the exception of South Africa, is overtly fragmented and underdeveloped with the implication 
that its potential to evolve into an effective functional industry is severely compromised (ILO, 
1987). This fragmentation is considered to militate against productivity and innovation and 
adversely affect project and team performance (Ofori, 2006). 
In tandem with the highly fragmentary structure of industry, the built-environment professions in 
DCs are notoriously uncoordinated (Rwelamila, 2002) which in turn hinders the development of 
professional cadres of trades and management personnel, rendering the sector exceedingly 
difficult to subject to regulatory policies and improvement programs (Ebohon, 2002). Some 
writers, for instance, argue that the practice of competitive tendering for construction contract 
after the designs have been completed bedevils the possibility of cooperation between 
designers and producers (Wells, 1984) and results in costly projects (Rwelamila, 2002). 
The CI in DCs falls short when compared with other sectors of the economy and with its 
counterparts worldwide with regard to productivity, quality, health and safety and environmental 
performance (Ofori, 2006). The Industry is thus perceived to be underdeveloped (Wells, 1984) 
and lacks planning at all levels of construction process (Wells, 1986). As a result, in the majority 
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of DCs, domestic construction firms work at the much lower-value-added end of construction 
activities whereas the high value added end of the industry is dominated by multinational firms 
(Ofori, 1993a; Ebohon & Rwelamila, 2001) including conceptualization, preparation of work prior 
to contract stage, construction and supervision of construction work (Zawdie & Langford, 2000). 
In Tanzania, for example, foreign contractors who constitute 4% of registered contracting firms 
undertake more than 80% (by value) of the projects (Ofori, 2006). A study by the World Bank 
(1984) shows that 80% of formal construction works in DCs is carried out by foreign firms given 
the difficulties in bringing back those contractors when maintenance work is required. Some 
countries face the problems of getting “qualified” and “interested” local contractors, at any price, 
for projects of special sizes (Zawdie & Langford, 2000) or projects in outlying areas (Wells, 
1985a). Many DCs rely on expatriate contractors at very high costs to undertake construction 
work part of which could be, and actually, done by local contractors (Kumarasawamy, 2006). 
The reliance on expatriate professionals in DCs is attributed to the weakness of the professional 
sector (Moavenzadeh, 1978), whereas the reliance on foreign contractors is necessitated by 
lack of technical and managerial experience in the local contracting firms (Ofori, 1993a). 
Generally, designs by expatriate professionals marginally suit the local conditions and resources 
available. 
The UNCHS (1996) encapsulates the constraints affecting contractors in: lack of technical and 
managerial expertise; lack of adequate finance; difficulty in obtaining essential resources 
including materials, equipment and skilled personnel; and inadequate supervisory capabilities. 
Kumaraswamy (2006) argues that local contractors lack adequate experience capacities 
because they are not provided opportunities for work and not because they are small and 
relatively inexperienced (Zawdie & Langford, 2000). Palalani (2000) noted that, in the long run, 
the dominance of foreign firms does not fall in the sake of the CIs of DCs. He suggests, similar 
to Turin (1973), Drewer (1980) and Ofori (2006), minimizing the domination of the industry by 
expatriates and allowing meaningful citizen participation to support the growth and development 
of indigenous CI. On the other hand, Moavenzadeh (1978) advises DCs to continue relying on 
foreign firms on a long term basis to undertake large and complex projects. Drewer (2001b) 
refers to such projects that require importation of significant volume of construction resources as 
“extra-normal construction”, whereas projects which can be produced using domestic resources 
are referred to as “normal construction”. 
Despite the changes in the procurement systems in developed countries from which DCs copy 
theirs, DCs still adopt the same rules, procedures without radical changes or adaptation to their 
local conditions and needs (Wells, 1984). Therefore, the construction procurement systems for 
construction services, as in SSA for instance, are deemed inappropriate and incapable of 
addressing the dynamics of the CI and its external environment (Ebohon & Rwelamila, 2001). 
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Ofori (2006) noted that clients, governments and the community in DCs are dissatisfied with the 
performance of the CI and the procedures and practices they adopt. For example, competitive 
tendering, which is not necessarily the most efficient method (Sustainable Development Task 
Force- FIDIC, 2003), is still widely adopted for projects delivery, and thus impedes the industry’s 
development (Datta, 2000). 
Furthermore, inadequate technical training, inappropriate procurement system and general lack 
of management skills make it difficult for contractors to cope with the complexity of tendering 
procedures and contractual documentation (Ebohon, 2002). Contract documents are unsuitable  
(Ofori, 1993b) and their conditions are frequently vague and difficult to understand (Sultan & 
Kajewski, 2003). Contractors in DCs, as a result of lacking managerial skills and their inability to 
perform accurate costing especially with regard to competitive bidding, tend to frequently 
underbid in fear of losing jobs (Moavenzadeh, 1978). This, in turn, affects the quality of 
construction output and services offered to clients or results in extra delays and costs (Sultan & 
Kajewski, 2003). Delays and cost overruns are also attributed to the commencement of 
tendering before the completion of designs (Rwelamila, 2002). Moavenzadeh (1978) suggests 
that award criteria, along with the price, may include; guarantees of minimum local employment, 
maximum value of imported materials and equipment and maximum value of expatriate salaries. 
Consequently, bids can be chosen according to the highest benefit to as well as the lowest cost 
on the national economy rather than the one with the lowest monetary cost. Sustainable 
Development Task Force (2003) suggests expressing quality, performance, time, ingenuity and 
environmental effects in monetary terms. Indeed, clients and users need to be educated and 
assisted in distinguishing between best value and lowest price (Datta, 2000). 
Beside the lack of capacity of the CI, DCs are prone to a low, highly volatile and fluctuating level 
of demand for construction activities (Ofori, 1993b), arising largely from economic and political 
conditions (Moavenzadeh, 1978) and fluctuations in government income (Ebohon & Rwelamila, 
2001) from year to year and indeed from month to month (Wells, 1985b), within the whole 
industry as well as within individual firms (Ofori, 1993a). Fluctuations in construction, 
consequently, discourage long term strategic planning, thus hinder access to investment capital. 
As a result, firms only operate at very small scale missing the benefits of economies of scale 
(Ebohon & Rwelamila, 2001). Ofori (2000) noted that fluctuations in demand levels are 
attributed to adjustment programmes which invariably involve cuts in governments’ capital 
investment. Aside from the risk imposed on the CI by fluctuations in demand, the industry faces, 
by nature, multitude risks and uncertainties that affect its performance. Okema (2000) has 
identified a list of risks and uncertainties in the CI in DCs that result in deviations from project 
expectations in terms of time, quality and economy of projects. He noted that the problem is not 
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in the existence of these risks and uncertainties and their magnitude, the problem of DCs is, 
however, lack of management capabilities to deal with these risks and uncertainties. 
The weak situation of the construction sector in DCs is aggravated by the adoption of 
inappropriate designs, technologies and standards (Ofori, 1993a) which do not suit the physical 
resources (materials, plants and equipments) and human resources (skills) available (Wells, 
1984). Consequently the development of an indigenous CI is compromised. The existence of 
such a situation reveals a major problem within the structure of the industry where the 
government should play its due role by simplifying designs, rationalize procedures and invest in 
local materials (Wells, 1984). Moavenzadeh (1978) and Wells (1984) argue that choice of 
technology, which determines the resource mix (including use of materials, skilled and unskilled 
labor) and techniques, is highly influenced and determined since the early stages of design 
rather than during the construction stage. 
The problems of the CI in DCs are compounded by the fact that a large percentage of 
construction activity is carried out within the informal sector which takes place at the fringes of 
the monetary economy (Wells, 1985b; Ebohon & Rwelamila, 2001) especially in rural areas 
(Moavenzadeh, 1978). The informal sector is the main producer of housing in many DCs 
(Tackle, 1983b; Makenya, Rwelamila, & Chobya, 1998; du Plessis, 2002a) providing 30-70% of 
the urban housing stock and representing 20-30% of the new growth in cities (Sustainable 
Development Task Force- FIDIC, 2003). In Egypt, for instance, 50-70% of all new urban 
housing is built by the informal sector (El-Erian & Youssef, 1983). The informal construction has 
been defined to embrace all housing or building activities interpreted as unplanned, 
unregulated, noncompliant with rules and procedures and/or that performed by unregistered 
enterprises and/or unprotected workers. A construction activity is, thus, classified as informal 
according to either the conditions of activity, type of enterprises undertaking the activity or 
employment situations. Non-adherence to the rules and procedures may result in 
unsustainable, unhealthy, unsafe and/or inferior quality building products. Besides, the adoption 
of casual employment and self-employment adds to the unattractiveness of the CI.  
Despite the negative attributes of the informality of construction, the informal construction 
system in DCs has significant impacts on the economy and brings some benefits to the industry. 
It employs, for instance, over half the employment in DCs. Subsistence and self-help 
approaches are being advocated as the main components of housing delivery programmes in 
DCs. The informal sector potentials are not limited to the fulfillment of construction needs but 
passes to the upgrading of each country’s CI as well. Therefore, the UNCHS recommends 
governments of DCs to consider the informal sector in the formation of policies and 
development plans (Ofori, 1993a). In some countries, the informal sector creates jobs more than 
the formal sector does (Wells, 1999). Notwithstanding its potentials, the informal sector enjoys 
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few of the benefits of the formal sector (Makenya, Rwelamila, & Chobya, 1998) and tends to be 
under-utilized and ignored by researchers in DCs, especially in Africa (Ofori, 1989). 
3.4.2.2. Working Environment and Behavioral Factors
The problems of the CI, in general, are originated from its operating or task environment (Fox & 
Scott, 1999). The CI is, by nature, large, complex, diverse, fragmented and geographically wide 
spread out (Ofori, 2004). As been a highly fragmented industry (Moavenzadeh, 1978; Wells, 
1984) with each sector seems to be only concerned with its specific affairs, the CI in DCs lacks 
a long-term vision for its future. This situation is attributed to the absence of an umbrella body to 
organize and coordinate the CI (Palalani, 2000). Lack of a long-term vision and effective 
coordination between stakeholders consequently hinders the development of professional 
cadres and management personnel (Ebohon & Rwelamila, 2001). In turn, the industry suffers 
poor level of professionalism and entrepreneurship (Ofori, 2006), adopts “commercialism” in 
place of professionalism (Palalani, 2000) and lacks commitment to duty (Ofori, 1993a), thus the 
quality of construction products is compromised. A study on the problems of the CI of Yemen 
(Sultan & Kajewski, 2004) reveals that bureaucracy and administrative red tape, which cause 
delays at all phases of construction, are ranked first among other barriers to CID. Delays in 
delivery of projects are also attributed to delays with interim and final payments to contractors 
and consultants (Ebohon & Rwelamila, 2001) especially in public-sector projects (Ofori, 1994b). 
The problems of CI in DCs are aggravated by corruption which distorts planning and 
procurement process and puts personal profit well above public interest (Kumarasawamy, 
2006). Transparency International (TI) has produced clear evidence for the widespread 
corruption and bribery in the construction sector, costing it - globally - some $3,200 billion per 
year. TI identifies 47 types of corrupt activities that are prevalent in the CI. The scale of 
corruption is magnified by the size and scope of the sector which ranges from transport 
infrastructure and power stations to domestic housing. Corrupt practices are found at every 
phase in construction projects (Transparency International, 2005). Construction industries are 
particularly susceptible to corruption in licensing, taxation and obtaining government contracts, 
including bribery, fraud, embezzlement and kickbacks which consequently increase the costs of 
delivery of construction (Sohil & Cailli, 2008). Beside the characteristics of the construction 
sector, the fragility of economies and ineffectiveness of the legal systems put DCs prone to 
corruption (Fewings & Henjewele, 2008). Fox (1991) noted that the degree of corruption 
influences the quality of management. Sohil & Cailli (2008) have provided examples of corrupt 
practices in construction projects throughout different phases including: planning and design, 
pre-qualification and tendering, project execution, inspection and maintenance and 
management. 
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3.4.3. Factors Related to Resources (Financial, Physical and Human) 
3.4.3.1. Financial Resources 
The CI in many DCs is facing reduced levels of demand as a result of adjustment programmes 
which invariably involve cuts in governments’ capital investment. Public funds are frequently 
under severe strain and chronically short. Hence, ways must be found to structure funding 
strategies which are suitable for DCs. In DCs where both domestic and foreign funds are used 
to finance construction projects, gross domestic savings, however, are not generally sufficient 
(Moavenzadeh, 1978), while, foreign funds are marginally available, and with limited 
accessibility (UNCHS, 1996) owing to difficulties associated with the acquisition of bilateral and 
multilateral aids (Moavenzadeh, 1978). Yet, many countries rely, up to as much as 50% of their 
national budgets, on foreign donors funds (Watermeyer, 2001). Public financial institutions do 
not respond adequately to the demands for financial resources necessary for construction. Such 
a situation imposes huge constraints on the provision of infrastructure where large amounts of 
capital are needed to pay for large scale infrastructure with financial returns coming over a long 
period. Adding to that, investors are reluctant to commit capital to long term projects in 
comparison to other investment opportunities that give more rapid pay-back (UNCHS, 1996). As 
a result, DCs invest only about 4% of their GDP, representing about 20% of their total 
investment, in the provision of infrastructure (World Bank, 1994).  
In addition to the inadequacy of investment of this magnitude to meet the infrastructure required 
for development, the effectiveness of this investment in terms of enhancing construction 
capacity development is questionable (Zawdie & Langford, 2000). Milford et al (2002) have 
listed the obstacles, many of which are systematic issues affecting the whole socio-economic 
system rather than the CI solely, to private sector investment in infrastructure. 
3.4.3.2. Physical Resources 
The inadequacy of infrastructure in DCs hampers not only the CID but the socio-economic 
development in general. Lack of adequate infrastructure results in delays and difficulties in the 
delivery of resources required for construction (Sultan & Kajewski, 2004). Zawdie & Langford 
(2000) and Kumaraswamy (2006) oppose the view which attributes the hindrance to CID to the 
lack of infrastructure. They argue that the fragility of infrastructure, with only short periods of 
utilization after being delivered, where limited funds are squandered on early 
replacement/renewal, is largely a product of a systematic deficit in the capacity of the 
construction sector. In many DCs (i.e., countries of SSA), strategies for infrastructure 
development, which are designed and implemented in the context of top-down policy, and 
planning practices have often resulted in costly, inappropriate and unsustainable infrastructure 
systems (Zawdie & Langford, 2000). 
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The CI in DCs is faced by severe problems in availing key resources required by the industry. 
For instance, investment in BMs is hindered by lack of finance, lack of plant and lack of power 
(Fox & Scott, 1999). The inadequate capacity and inefficiency of the BMI in DCs is evident 
(Wells, 1986). The problems of BMs arise whenever the problems of the CI in DCs are 
discussed. Therefore, BMs in most DCs are either prohibitively expensive and in scarce supply 
or of low quality (UNCHS, 1996). High costs of BMs are attributed to high costs of delivery; 
handling, warehousing and transport (Sultan & Kajewski, 2004) due to the inadequacy of 
geographical distribution of production facilities (Ofori, 1985). It is evident that the shortage in 
supply of materials and their high prices result in poor quality of work or, alternatively, 
contractors abandon high quality building work involving complicated finishes or structures 
(Zawdie & Langford, 2000). 
Although much research has been done on local materials, they are not widely used (Ofori, 
1985). The development of local building material industries is limited to few building materials 
(i.e. cement) (Moavenzadeh, 1978) resulting in poor quality of locally produced materials. 
Accordingly, DCs tend to fill the lacuna by importing materials, plants and equipments which do 
not only generate serious outflow of foreign exchange but also contributes to delays in the 
completion of projects (Wells, 1984; Ofori, 1994b; Ofori, 1993b; du Plessis, 2002a). Practically, 
there is no assumption that the economy is self-sufficient in construction resources, however 
there should be an acceptable balance between the use of domestic and imported resources 
and skills (Drewer, 2001b). Though being expensive and mostly inadequate environmentally 
and socially, a large portion of BMs in DCs is imported (Barony, Gallal, & Tawil, 1983). In some 
DCs, about 60% of the demand for BMs is satisfied through imports where 30% of the total 
value of construction is attributed to these imports and their transport. Building materials seems 
to use disproportionate share of foreign exchange; imported materials are responsible for 5-8% 
of the total value of imports while the expenditure on BMs constitutes about 3-5% of GDP 
(Moavenzadeh, 1978). In some countries, the importation of construction materials accounts for 
10-20% of the total import bill (Ofori, 1985). Extensive reliance on imports for construction tends 
to weaken the role of the CI in the economy where forward and backward linkages diminish and 
opportunities for job creation are lost (Ebohon & Rwelamila, 2001). However, Ofori (2001a) 
argues that minimizing imports of materials does not necessarily imply greater effectiveness and 
efficiency if minimization is attributed to the imposed import restrictions. Furthermore, he argues 
that the increasing level of imported equipment may indicate the success in upgrading the 
technological level of the industry. Thus, the development of local building materials (LBMs), as 
part of the CID, has attracted the greatest attention (UNCHS, 1988). Yet, the use of LBMs is 
further inhibited by lack of government support, strict building regulations and the apathy of 
clients and users (Ofori, 1985; 1993b; 1994b). 
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Moavenzadeh (1978) and Wells (1985b) condition the creation of an indigenous construction 
capacity in DCs to the minimization of reliance on imports, therefore, the development of local 
BMIs and the application of technologies based on locally available materials is crucial. Direct 
and indirect economic benefits are likely to be gained from the development of indigenous BMI 
including: output generation; increased employment and training; improved distribution; 
improved balance of payments (as direct effects); and growth of secondary manufacturing 
operations within the CI (i.e. cement blocks) and outside the CI (i.e. furniture).  
Moavenzadeh (1978) suggests that materials which have low value to weight ratios, have the 
necessary raw materials available, have relatively low capital requirements, require relatively 
unsophisticated production procedures and are widely used should be produced locally. Many 
governments have found it feasible to establish large-scale factories for the production of basic 
materials in order to exploit scale economies in production. Production on such a large scale is 
faced with numerous difficulties some of which are arising primarily from: the choice of 
technology; limited access to fund; difficulties in acquiring equipment and machinery; absence 
of stable markets; and production interruptions resulting from lack of spare parts and irregular 
energy supply. These difficulties have often made production planning difficult, resulting in low 
capacity utilization (UNCHS, 1996). 
3.4.3.3. Human Resources 
The poor performance of CIs in DCs is frequently attributed to the poor productivity of 
workforce. Datta (2000) stated that only 30 to 40% of labor potentials are exploited in DCs. The 
skilled workforce is underdeveloped (UNCHS, 1996) owing to lack of educational and training 
programs and facilities (Ofori, 1994b) accompanied with shortage of instructors (Moavenzadeh, 
1978). The shortfalls in the supply of skilled labor and thus higher cost of labor (Moavenzadeh, 
1978) are usually met either by imported management, professional, supervisory and skilled 
labor (Wells, 1984) or by substituting machines for labor (Moavenzadeh, 1978; ILO, 2001). As 
been discussed, imports impose serious constraints on the balance of payments through 
outflows of foreign exchange (wages, salaries and profits) aggravating the situation in countries 
with little stock of hard currency. On the other hand, mechanization of construction activities 
does not seem to suit countries with excessive supply of labor and/or high rates of 
unemployment, as it is the case in the majority of DCs. Therefore, the adoption of labor 
intensive methods of construction in these countries impacts on the socio-economic footprints of 
the CI, thus results in a socially sustainable industry. Hillebrandt (1999) has demonstrated the 
arguments advocating the use of labor-intensive technologies against those views calling for the 
adoption of capital intensive technologies in DCs. 
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Evidently, the construction sector in DCs is bedeviled by lack of technical knowledge and 
management and entrepreneurial skills (Fox & Scott, 1999; Ebohon & Rwelamila, 2001), in both 
the labor force as well professionals, due to the inadequacy in educational and training 
programs (Moavenzadeh, 1978; Zawdie & Langford, 2000). These attributes owe much to the 
fact that most construction firms are owned and managed by sole trader type entrepreneurs with 
little knowledge of the workings of the CI (Ofori, 1991). The impact can be seen in the rigid 
adherence to management techniques and practices inherited from colonial times which have 
remained fixed and never been tailed to the needs of DCs (Ebohon, 2002). Moavenzadeh  
(1978) calls for the upgrading of the existing professionals and their educational programs 
which may need reorientation in order to lessen the distinct separation between professionals 
and contractors. The World Bank (1984) pointed the vitality of need for training in management 
for both contractors and supervisors of projects with a great deal of technical assistance 
required for long periods of time (10 years or more). Efforts to train managers for DCs in 
industrialized countries have been made. These efforts, however, have not been successful as 
they are not tailed to suit the local conditions of DCs (Moavenzadeh, 1978). 
In general, construction enterprises show little interest in human resources development, thus, 
hardly invest in education and training (Ofori, 1994b). Wells (1984; 1985a) argues that the lack 
of interest by contractors in the stabilization of labor force and the investment in training of local 
labor is attributed to the uncertainty of future workload. The CI is notorious as a dangerous 
place to work; 20-40% of all occupational fatalities, in DCs, occur in the construction sector 
(Wells, 2003). In many DCs social legislations, responsible for social security and various 
fringes benefits, usually do not include construction (Moavenzadeh, 1978). The industry also 
lacks a proper career structure that motivates skills acquirement and development (Datta, 
2000). The instability of demand for construction leads to a high mobility of labor that makes the 
CI highly unsecure, let alone the low job status, pay (Moavenzadeh, 1978) and the poor social 
image of the construction sector (Ofori, 1993b), thus the sector becomes less favorable (Fox & 
Skitmore, 1991). Palalani (2000) Noted that poor remuneration of employee, which is further 
compounded by differential in remuneration between local and expatriate staff, leads to the loss 
of enthusiasm and commitment to work and thus a poor quality of construction product. 
Additionally, the dominance of the informal sector in construction has led to a general level of 
poor skills with reduced opportunities for acquiring skills through training and proper 
apprenticeship (Wells, 1999). However and despite all these constraints on skills development, 
labor force in DCs is willing to develop and adaptable to difficult working conditions (Datta, 
2000). The responsibility for workers training must be shared by government agencies, 
employers’ and workers’ organizations and individual firms as well as workers (Moavenzadeh, 
1978). 
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3.4.4. Factors Related to the Supporting Systems 
3.4.4.1. Regulatory System and Institutional Framework 
The operating environment of the CI in many DCs is unfavorable to construction enterprises 
(Ofori, 2006) and characterized by the absence or underdevelopment of professional institutions 
to facilitate policies and underpin their implementations (Ebohon, 2002). In some countries, 
these institutions need to be established, in others they need to be strengthened and developed 
(Ofori, 1994b). Moreover, there is a tendency to see public works departments (PWDs) or the 
ministries of works as embodiments of all the institutional requirements necessary for the 
development of the construction sector (Ebohon, 2002). However, PWDs do not operate in 
isolation and need support from other governmental and private institutions to influence the CID 
(Ebohon & Rwelamila, 2001). In countries where construction related institutions are 
established, they often perform in isolation lacking the interaction with each other as elements 
of a collective system (Milford, 2000). There is a need for effective and efficient national 
institutions for the CI to foster the cooperation among different stakeholders (Milford, Hodgson, 
Chege, & Courtney, 2002). 
The regulatory environment, within which the CI in DCs operates, tends to adopt, as procedural 
rather than performance based, regulations from developed countries where such regulations 
are extensive, including; building and related codes, zoning ordinances, sub-division 
regulations, planning laws, licensing requirements, environmental regulations, safety legislation, 
monetary and fiscal policies, tax laws, financial institutions operating rules and wage regulations 
(Moavenzadeh, 1978). DCs tend to adopt planning laws, building codes and regulations from 
developed countries to meet the changing patterns of planning and construction systems 
resulted from the shift in socio-economic pattern from traditional agricultural to monetary based 
agriculture and later manufacturing industry (du Plessis, 2002a). It has been observed that 
regulations, codes and standards for construction in DCs are obsolete, inappropriate and elitist 
encouraging corruption and substandard buildings and infrastructure (Erkelens, 1983; Tackle, 
1983b; Ofori, 1994b). The regulations in DCs stipulate infrastructure standards that do not 
match their financial capabilities and/or the local resources and know-how (UNCHS, 1996). 
Moreover, regardless to the obsolescence of codes and regulations, ineffectiveness of 
implementation of existing codes prevails (Ofori, 2006). Wells (1999) found that the fall in the 
public sector construction is accompanied by lack of effective regulations. The wounds of the CI 
in DCs are widened by the adoption of codes, regulations and procedures which have been 
developed in an entirely different context (Wells, 1984) and many are quite inappropriate to the 
physical, administrative and technological context of DCs (Ofori, 1994b; 2006). Ofori (2000) 
noted that the existing construction practices and procedures, in many DCs, are not only 
currently obsolete, but they are also inappropriate and do not reflect the cultural attributes and 
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values in these countries. The adoption of inappropriate codes and regulations is a major 
contributory factor to the problems of the CI in DCs. Moavenzadeh (1978) suggests developing 
and expanding regulations similar to those of industrialized countries, however, with regard to 
the local conditions, saying: 
“Developing countries can and should consider these various, codes systems and 
practices and adopt, with the necessary modifications, those features most appropriate 
to the country’s local conditions”. 
(Moavenzadeh, 1978, p. 113) 
Additionally, DCs suffer the absence or inefficiency of quality assurance systems, national 
standards and quality specifications. Consequently, the quality of products and services (i.e. 
building materials and labor force) in the CI are usually below acceptable standards (Okema, 
2000; Palalani, 2000).  
Ofori (2006) recommends DCs to form effective professional institutions and trade associations 
to play a championing role in the development their CIs. Wells (1985a) advises governments in 
DCs to establish an umbrella organization (governmental body) embracing these institutions to 
be responsible for the promotion of the domestic CI through: stabilizing construction demand; 
improving budgeting procedures; ensuring prompt payment to contractors by government 
clients; improving contracting and contract administration procedures to provide fair and 
competitive procurement practices, equitable conditions of contract and supportive supervision; 
providing finance; improving materials supply with the correction of price distortions; application 
of more appropriate and more labor-intensive technologies with the streamlining of customs and 
importation procedures to facilitate the acquisition of equipment, spare parts and materials; and 
introduction of education policies which include the requirements of the CI. Similarly, 
Moavenzadeh  (1978) calls for the development of building codes and standardization of BMs in 
terms of dimensions, quality, composition, performance and methods of manufacturing and 
testing to be the responsibility of a national government agency, possibly with the assistance 
from international agencies and developed countries.  
3.4.4.2. Research and Development 
Despite the importance of research, development and technical information to the growth of the 
CI in DCs (Moavenzadeh, 1978), they have had little or no impact on the industry (UNCHS 
1996). DCs, in general, invest negligible amounts in research and development (Rwelamila, 
2002). The industry lacks adequate R&D programs and facilities which face difficulties including; 
staffing, funding and low take-up rates for research results (Ofori, 1993b; 1994b). Accordingly, 
the industry is incapable to keep abreast of innovation in technology and process (Datta, 2000). 
The low level of research on the construction has been attributed, as well, to reduced 
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opportunities for research associated with the dominance of the informal sector (Wells, 1999). In 
addition, the effectiveness of research is quite limited due to the lack of integration between 
research and practice as well as being unfocused and spread over many projects (Ofori, 1994b) 
without considering documentation and dissemination of results (Ofori, 1993b). The gap 
between basic and applied research is attributed to the nature of construction R&D programs 
which have little commercial orientation, focus on technical issues and are pursued in isolation 
from the potential users and disregarding economic feasibility, affordability and social 
acceptability (Ofori, 1993b). Furthermore, integration has been missed between fields and areas 
of research as well as in application. Ofori says: 
“The CI is often studied in isolation and analyzed in terms of its internal strength and 
weakness. The many studies which have shown that construction has complex 
horizontal and vertical linkage to many parts of the economy are not used by 
researchers”. 
 (Ofori, 1993b, p. 177). 
 Moavenzadeh (1978) summarizes the problems of research and development programs in: 
lack of centralized organizations for the performance of research and dissemination of 
information; lack of broad-based focal point; and disorientation towards local needs. Therefore, 
Moavenzadeh calls for the establishment of centralized agencies or institutes, probably 
supported by the government, to take responsibility of: (a) performing research; (b) collecting, 
digesting, evaluating and disseminating information on research from other countries; (c) 
encouraging and helping to support research done by others; and (d) developing or helping to 
develop building standards, methods of testing and perhaps typified designs. Wells (1999) 
suggests that research, in countries dominated by the informal sector in construction, should 
focus on individual workers rather than enterprises and identifying the skill requirements of 
particular groups of workers. 
3.5.  Construction Industry Development (CID) in DCs 
The development of the CI in DCs and the improvement of its performance have been called for 
and researched extensively (Turin, 1973; Moavenzadeh, 1978; Drewer, 1980; Fox & Skitmore, 
2002). Frameworks and models for the CID have been developed (Ofori, 1980; 1994b; Al-
Omari, 1992; Fox, Hills, Fong, Hon, & Skitmore, 2006; Kumarasawamy, 2006; Wyk & Knoetze, 
2007) and recommendations for action have been provided (Moavenzadeh, 1978; Ebohon, 
2002; Milford, Hodgson, Chege, & Courtney, 2002; Rwelamila, 2002). Some of the studies are 
concerned with specific countries such as Hong Kong (Fox, Hills, Fong, Hon, & Skitmore, 2006); 
Singapore (Ofori, 1988; 1994a); Uganda (Tindiwensi, 1999); Sri-Lanka (Weddikkara & 
Devapriya, 2000); Guyana (Willis & Rankin, 2008); Brazil (Costa, Lima, & Formoso, 2004) and 
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Yemen (Sultan & Kajewski, 2003), some are concerned with specific regions such as SSA 
(Ebohon, 2002), some discuss the CID relative to specific economic systems and regimes 
(Wells, 1984) and some are generic (Fox, Hills, Fong, Hon, & Skitmore, 2006; Wyk & Knoetze, 
2007). As a result of these studies, many DCs have established agencies dedicated to the 
development of the CI such as the National Construction Council (NCC) of Tanzania (1979); 
Building and Construction Authority (BCA) in Singapore (1984); Construction Industry 
Development Board (CIDB) in Malaysia (1994); Construction Industry Development Council 
(CIDC) in India (1996); and Construction Industry Development Board (CIDB) in South Africa 
(2000). The establishment of such government-sponsored agencies is driven by the need for 
more efficiency and greater competition in construction both nationally and internationally 
(Smith, Love, & Jackson, 1999). Ofori (2006) noted that some of these organizations have 
progressively contributed to the industry, however, the small number indicates the unpersuasive 
benefits to other DCs. He stressed on the need for the understanding of the CID as a 
continuous process rather than merely perceiving that the solution lies in formulating agencies 
to take responsibility of CID. The International Council for Research and Innovation in Building 
and Construction (CIB) Task Group TG29 (Construction in Developing Countries) defines the 
CID as (CIB, 1999b): 
“a deliberate process to improve the capacity and effectiveness of the construction 
industry in order to meet the national and economic demand for building and civil 
engineering products and to support sustained national economic and social 
development objectives” 
Ofori (1993b) intensively investigated the problems of CID in DCs referring to it as “the 
application of the principles of economics and management to the construction industry”. In this 
sense, the whole industry and its subsectors; materials development; human resources; 
development projects documentation and procedures; technological contractors; institutions, 
both public and private; and the informal sector, are concerned (Ofori, 1994b). Ofori (2000) 
summaries the requirements of CID by saying: 
“Corporate development is of crucial importance. Construction industries need 
companies which take a long-term view and are prepared to invest in human resources, 
equipment and research and development in order to improve their performance. 
However, the construction enterprises in developing countries are known for their lack of 
knowledge, short-term orientation and lack of focus on construction. They are also 
unable to employ qualified personnel and/or unwilling to appoint them to positions of 
responsibility. Management development should be a key concern in the construction 
firms of the developing countries”. 
(Ofori, 2000, p. 7) 
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CID implies that each country should formulate its visions, goals and objectives for the CI and 
consequently benchmarks and targets should be set. For example, the Construction 21 steering 
committee in Singapore formulated a vision under which the industry was to be transformed 
from the “3Ds” to the “3Ps”; from an industry which is “dirty, dangerous and demanding” to one 
which is “professional, productive and progressive” (Ofori, 2000). The performance of the CI in a 
specific country could be benchmarked against that of other sectors in the economy and its 
counter-parts elsewhere (Ofori, 2001a). Considering the significance of the CI to nations’ 
development, it is crucial to identify the major issue affecting the performance of the sector and 
take corrective actions (Planning Commission - Government of India, 2002). Ling et al (2005) 
identified lack of performance measures and benchmarking inter alia as a constraint on 
improving the performance of the CI of Singapore. The development of the CI requires the 
understanding, probably through the performance measurement mechanisms, of the current 
conditions of the industry including its potentials and capabilities. The assessment should cover 
the whole industry as well as it subsectors as categorized by Turin (1973) and Ofori (1993a). 
The Categorization of the CI in a specific country helps identifying the potentials and capabilities 
of each sub-sector and its capacity (supply potentials) to respond to the country needs 
(demand) upon that sector. Turin and Ofori emphasis that each sub-sector of the CI, given the 
difference in resources required and utilized, faces different sets of constraints. It is quite 
possible that the industry sub-sectors experience different levels of development and growth. 
Turin noted that: 
“ . . . within the same national aggregate of effective demand for construction a sector 
might be overstretched while another is seriously under-utilized, a situation too often 
observed in many developing countries” 
(Turin, 1973, p. 15) 
 Unfortunately, most DCs have not reviewed the quality and quantity of their construction 
industries (Gueli, 2007), therefore these industries remain undeveloped. Most DCs lack CI 
performance indicators and trends upon which intervention is based and development policies 
and strategies are set (Tindiwensi, 1999; Datta, 2000). CID programs rarely include 
performance indicators (Ofori, 2001a), possibly because of the thinking of solutions in the short 
run (Ofori, 1993b) and that these programs are often developed as a shopping list rather than 
coordinated set of planned activities (Ofori, 1994b).  
Ofori (2001a) has provided several definitions, which were developed by many writers (Guy & 
Kibert, 1998; Werna, 1999) and organizations (OECD, 1993; UNCHS, 1995b) to the term 
“indicators” enumerating their merits, potentials, possible problems of nation’s construction 
industry performance indicators and their prerequisites. He noted that indicators should be 
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measurable, independent, employ available data, simple, easy to interpret and able to show 
trends over time and responsive to change. The (UNCHS, 1981) developed a set of indicators 
to help DCs assessing the potentials and capabilities of their CIs. These indicators are (UNCHS, 
1981, p. 18) 
• The extent to which the construction projects in a country’s development plan are 
implemented on time and within the cost limits set; 
• The percentage of imports of materials, machinery and equipment and skilled personnel 
in total construction output; 
• The degree of local participation in contracting or the development of the local CI; 
• The degree of development of the local BMIs, including the quality and availability of 
local materials and the costs and degree of protection of local industry; and 
• The overall efficiency/productivity (as measured by cost per unit of output) of the 
construction sector 
More sets of indicators have been developed for the purpose of measuring the performance of 
the CI and benchmarking its development (Appendix  1.1, Appendix  1.2 and Appendix  1.3). The 
UNCHS (1995b) has developed a set of indicators for the performance of the CI in regard to the 
provision of housing covering; cost, time, productivity, locational concentration, employment and 
wages. According to Ofori (2001a), the CIB Task Group 29 suggests a set of indicators that 
comprehensively covers the whole economy (macro-level), sectoral level (mini-macro-level) and 
the projects level (micro-level) (Appendix  1.3). Tindiwensi (1999) proposes a conceptual 
framework for CI performance analysis based on the inputs (government policies, investment 
and demand from other sectors, foreign direct investment) and outputs into the CI in regard to 
CID. He proposes a set of indicators for: economic performance; quality performance; 
environmental performance; and informal sector performance. The current challenge in this 
regard is to get DCs to recognize the benefits of assessing and improving the performance of 
their CIs in general (Sultan & Kajewski, 2003) and with respect to innovation and sustainability 
in specific (Willis & Rankin, 2008). Following the assessment of the quality and quantity of 
construction activity, DCs need to identify areas of urgent actions and improvement for the 
whole industry and its subsectors.  
The problems of CI in DCs have been extensively well-researched, and long lists of 
recommendations for the development of indigenous CI have been suggested. However, the 
results have been disappointing and the problems persist and many countries have not 
implemented these recommendations or have not put related polices and regulations into effect 
(Ofori, 2001a). The failure in applying previous researches recommendation and the shift of 
donors to other fields results in the declining interest in CID (Ofori, 1994b). Ofori (1993b) 
suggests that the possible reasons, inter alia, behind the failure in applying those 
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recommendations for the CID could be: recommended policies, programmes, schemes, 
techniques do not consider the methods procedures and administrative systems or required 
resources for implementations; recommendations concentrates on the role of government 
(Wells, 1984; Fox & Scott, 1999; Nordberg, 1999) disregarding the role of the industry itself; 
recommendations are provided as shopping list without any attempt to prioritize them; lack of 
appropriate monitoring, control and periodic review of implementation; most recommendations 
are not put into a county-specific context; and recommendations usually do not cover all the 
issues if ever addressed. Ofori (1993b) proposes a set of suggestions to materialize the findings 
of researches on the CID in DCs calling for the appropriateness of research, consideration of 
environmental issues as well as coordination and dissemination of research results. Ebohon 
(2002) indicates the urgent need for establishing appropriate institutions necessary to facilitate 
the development of modern and sophisticated CI. Some writers suggest the establishment of 
regional and continental bodies for CID (Rwelamila, 2002). Some initiatives have already been 
launched for this purpose (Watermeyer, 2001). Indeed, the development of the CI in any 
country is a responsibility to be borne by all stakeholders with every stakeholder has a role to 
play. The CIB (2004) suggests the key roles that different stakeholders could possibly play to 
change the industry. Importantly, these roles should be played in harmony implying that 
coordination and cooperation between stakeholders is required. 
3.6. Conclusions 
The previous part of the research exhibited some of the attempts to categorize the construction 
industry in DCs. It also displayed some theoretical frameworks and models developed for the 
CID. A new generic theoretical model, for the categorization of the problems facing the CI in 
DCs, has been proposed. This chapter enumerated the major problems hindering the 
development of the CI in DCs. The unfavorable general political environment, the weak socio-
economic conditions and lack of financial and physical resources appear to be among the most 
critical problems facing the industry. Additionally, lack of integrated research and development 
programs and the gap between research and practice add salt to the wounds of the industry. 
This chapter highlighted the role of government and professional institutions in the development 
of the CI. It also emphasized the necessity of establishing performance measures and indicators 
if improved performance is targeted. Moreover, the establishment of central agencies 
responsible for the development of the CI seems to be a prerequisite for the CID. 
  
 
 
 
 
 
 
 
 
 
4. Chapter Four: Construction and Building Materials Industries for 
Sustainable Development 
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4.1. Introduction 
The construction industry, while contributing, largely to the overall socio-economic development 
in every country, is a major exploiter of natural nonrenewable resources and a significant 
polluter of the environment (UNCHS, 1996). Therefore, the CI is crucial for the attainment of 
sustainable development goals. This chapter provides definition for sustainability and its related 
terms. It highlights the impacts of the CI on the environment, society, and the entire economy. 
The sustainability of the building materials industry does not revolve about the production stage 
solely, but it includes the whole life cycle of the building starting from the extraction of raw 
materials, followed by the production of building materials and components, construction and 
renovation of buildings and deconstruction or dismantlement of buildings. Therefore, this 
chapter also discusses the concepts and methods of measuring sustainability with specific focus 
on building materials. The challenges facing sustainable construction practice in DCs will be 
enumerated. 
4.2. The Concepts of Sustainability, Sustainable Development and Sustainable 
Construction 
The erosion of earth ability to sustain life as it has been known for thousands of years (Uher & 
Lawson, 1998) brings the issue of sustainability into dominance in every aspect of human 
beings activities as it receives increasing attention and recognition. The international 
community, through its different organizations, devotes considerable efforts to assure that every 
human activity fulfills the requirements of sustainable development. Summits and international 
conferences were organized to form a global approach towards sustainability where definitions 
were developed and agenda were set. However, sustainability is multi-faceted and evolves 
infinite variables in its interpretations (Angioletti, Gobin, & Weckstein, 1998; Gilham, 1998). 
Thus all the definitions developed for the term sustainability and its subdivisions (sustainable 
development and sustainable construction) are broad and can be regarded as a base for 
formulating country or region-specific definitions according to local contexts (Ashworth, 1998; 
Bourdeau, Huovila, & Lanting, 1998; Makenya, Rwelamila, & Chobya, 1998; Persson, 2002).  
In 1983, the United Nations established the World Commission on Environment and 
Development (WCED), widely referred to as the Brundtland Commission, to develop the broad 
political concept of sustainable development. The WCED published its report “Our Common 
Future”, also known as the Brundtland Report (UN-WCED, 1987). The establishment of the 
WCED and its report laid the ground for the United Nations Conference on Environment and 
Development (UNCED) held in Rio de Janeiro in 1992 thus known as the Rio Summit or Earth 
Summit. The Earth Summit formulated a comprehensive blueprint of action (Agenda 21) to be 
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taken by all countries of the world, both jointly and individually as well as globally, nationally and 
locally through governments and UN organizations and other organizations (United Nations, 
1992). Since then, bringing sustainable development principles into action becomes a global 
concern. Therefore, Agenda 21 has been followed by subsequent action plans to address the 
issue of sustainable development within specific contexts. The Habitat Agenda was formulated 
during Habitat II conference (City Summit) in Istanbul in 1996 to address the role of human 
settlements in sustainable development (UN-Habitat, 1996a). The international Council for 
Research and Innovation in building and Construction (CIB) has developed its Agenda 21 on 
sustainable construction (CIB, 1999a) which was intended as a global intermediary between the 
broader international agenda and national/regional agenda for the built environment and 
construction sector. It develops a global framework and terminology to enrich all national or 
regional and sub-sector agenda. As part of the action plan for its implementation, the CIB 
Agenda 21 has been subsequently followed by Agenda 21 for Sustainable Construction in 
Developing Countries which was developed jointly by the CIB and the United Nations 
Environment Program (UNEP) (Figure  4.1). The CIB launched a project in 1995 to clearly define 
the links between the construction sector and the principles of sustainable development 
(Bourdeau, Huovila, & Lanting, 1998).  
Figure  4.1: Sustainable construction in developing countries in regard to global efforts 
Source: du Plessis (2002a, p. iii) 
The CIB-UNEP Agenda 21 for Sustainable Construction in Developing Countries (du Plessis, 
2002a, p. 6) defines sustainability as: 
“Sustainability is the condition or state which would allow the continued existence of 
homo-sapiens and provide a safe, healthy and productive life in harmony with nature 
and local cultural and spiritual values” 
According to Kristinsson (2002) sustainability is “everything that future generations like to 
inherit, use and are able to maintain”. Gibbered (2003) describes sustainability as “a state in 
which human kind is living within the carrying capacity of the earth”.
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Several definitions have been developed for the term sustainable development, but the most 
frequently quoted definition is from the Brundtland Report “Our Common Future” published by 
the UN-WCED (1987) defining it as: 
“Development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”. 
(UN-WCED, 1987, p. 43) 
This definition set limits for the satisfaction of human needs to fall in the sake of people (social), 
the planet (ecological) and prosperity (economic) referred to as the three pillars of sustainable 
development (du Plessis, 2002a; Wells, 2003) or the triple bottom line of sustainability (Bell, 
2003; Sourani & Sohail, 2005). Sustainable development allows economic progress and 
environmental quality to be compatible goals (Reffat, 2004b). Gibbered (2003) describes 
sustainability in terms of social, economic and environmental states highlighting the objectives 
of sustainable development in regard to the triple lines of sustainability. It is important to note 
that it is unlikely to uphold all of the three sustainability principles at all time since they have 
conflicting requirements. Thus, compromises and trade-offs are to be made most of the time. 
The requirements of sustainable development imply that each country should integrate 
sustainable development into its goals and policies. As much as the CI is vital in the fulfillment 
and realization of human needs, the industry is concerned. The impact of the CI on the 
environment rates as one of the highest among all the industries (Uher & Lawson, 1998). 
Hence, the built environment and the CI with all its activities are key areas in the attainment of 
sustainable development (CIB, 1999a; Ganesan, 2000) as their impact is realized over a long 
period of time (Angioletti, Gobin, & Weckstein, 1998). The application of sustainable 
development principles in the CI is generally described as sustainable construction (Sourani & 
Sohail, 2005). The Brundtland definition of sustainable development does not discuss any 
specific technologies or modes of development, thus a more specific understanding is needed 
to construct a sustainable building (Bell, 2003). As a counter part to the CI in the development 
of human settlements, the BMI shares responsibility with the CI in complying with sustainable 
development principles and meeting its requirements. Both industries, as many other human 
activities, have environmental, economic, as well as social impacts (du Plessis, 2002a). The 
socio-economic impacts of the CI and the BMI have been demonstrated and deeply discussed 
in chapter ( 2). The contribution of the CI to economic sustainability should be attained through: 
sustained and efficient use of resources and materials; sustained employment opportunities in 
all construction phases; and sustained investment and capital formation opportunities for the 
economy (Sultan & Kajewski, 2006). Wells (2003) describes social responsibility in construction, 
in terms of employment, as enhancing the positive aspects of employment while protecting the 
workforce from negative ones. The environmental impact of these industries is discussed in 
Chapter Four 
Construction and Building Materials Industries for Sustainable Development 75 
 
depth below. They are responsible for a substantial amount of global resources use, waste 
generation and emissions. Sustainable construction as defined by du Plessis (2002a) is: 
“a holistic process aiming to restore and maintain harmony between the natural and built 
environments and create settlements that affirm human dignity and encourage economic 
equity”. 
(du Plessis, 2002a, p. 8). 
A sustainable construction, thus, can be seen as providing a contribution to poverty alleviation, 
creating a healthy and safe working environment, equitably distributing social costs and benefits 
of construction, facilitating employment creation, developing human resources, acquiring 
financial benefits and uplift for the community (CIB, 1999a). Sourani and Sohail (2005) have 
listed the criteria, as extracted from the literature, for achieving sustainability in construction in 
regard to social, economic and environmental aspects. Sustainable Development Task Force 
(SDTF) (2003) suggests incorporating, inter alia, the environmental effects into the criteria for 
awarding construction contracts and expressing their effects in monetary terms. Gibbered 
(2003) proposes a matrix to assess the compatibility of buildings with the principles of 
sustainable development through the different stages starting from briefing ending up with 
demolition and refurbishment. The matrix examines the impact of construction in terms of: size, 
productivity and biodiversity; resources use; management; waste and pollution; water; energy; 
employment and self employment; efficiency and effectiveness; indigenous knowledge; 
accounting; enabling environment; small-scale; local diverse; access; education; inclusiveness; 
health, safety and security; and participation. 
Indeed, sustainable construction should comply with the requirements of sustainable 
development throughout the entire construction cycle “cradle-to-grave” which includes 
managing the serviceability of a building during its life time and eventual deconstruction and 
recycling (Uher & Lawson, 1998). Thus the cradle-to-grave appraisal evolves the entire 
construction process from the extraction, production, transportation and beneficiation of raw 
materials, through planning, design and construction, use, deconstruction and reuse or 
disposal. By no means, sustainability is not the sole responsibility of governments, clients and 
users should be involved as well (Reffat, 2004a). According to Norton (1999), sustainable 
construction has five key characteristics; environmental sustainability; technical sustainability 
(possibility of acquiring skills and tools); financial sustainability; organizational sustainability 
(dependence on indigenous capacity); and social sustainability. For example, the assessment 
criteria for sustainable construction suggested for the CI in the United Kingdom (UK) (Keeping, 
2000) includes: 
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• investment in people and equipment for a competitive industry; 
• achieving high growth while reducing pollution and resources use; 
• sharing the benefits of growth widely and fairly; 
• improving towns and cities and protecting countryside’s quality; 
• contributing to sustainable development internationally; 
• being more profitable and competitive; 
• delivering buildings that provide greater satisfaction, well-being and value to customers 
and users; 
• respecting and treating stakeholders fairly; 
• enhancing and better protecting the natural environment; and 
• minimizing energy consumption and natural resources 
The definitions, interpretations and characteristics of sustainable construction are essentially 
context specific (Makenya, Rwelamila, & Chobya, 1998; Sourani & Sohail, 2005) and are 
related to the availability of resources or to the customs and needs in the specific location. 
Therefore, sustainable construction has different approaches and different priorities in different 
countries. These differences could be attributed to differences in: the nature of problems and 
their magnitude; the development priorities; the indigenous industry capabilities; governments; 
technological and skills level; and cultural differences. Developed countries, for instance, devote 
greater attention to the invention and use of new technologies, whereas, DCs focus more on 
social equality and economic sustainability rather than environment sustainability (du Plessis, 
2002a). Likewise, the potential impacts of changing to sustainable construction are related to 
the CI demands, needs, drivers and the acceptance of sustainability concepts which differs 
among countries (Sustainable Development Task Force- FIDIC, 2003). Notwithstanding the 
localization of sustainability contexts, the global effect of any activity performed at local levels 
should be born in mind; think globally, act locally (Conte, 2002; Hayles & Kooloos, 2008). 
Blengini et al (2007) illustrate the environmental effects acknowledged to the extractive industry 
and their scale of influence (i.e., global, regional, local). Conte (2002) conditioned the 
successfulness in attaining sustainability to the recognition of its multi-dimensional nature 
saying: 
“If we want to be successful in managing sustainable development, we must recognize 
the multi-level dimension of sustainability and the uselessness of finding specific 
sustainable solutions; instead, we must improve our behaviors, knowledge, skillfulness, 
trying to learn to face changing needs, acting at different levels, working with many 
actors”. 
(Conte, 2002, p. 3) 
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4.3. The Environmental Impact of the Construction and Building Materials 
Industries 
“How long can we pretend that the environment is not the economy, is not health, is not 
the prerequisite to development and is not recreation?”  
Charles Caccia (UN-WCED, 1987) 
Modern forms of human settlements accompanied with rapid economic development have 
contributed to the depletion of non-renewable resources (i.e., minerals and fossils) as well as 
the over-exploitation of renewable resources; land and forests (Uher & Lawson, 1998). Thus, 
development is often relates to the depletion of natural resources as well as environmental 
problems including global warming, air pollution and water pollution (Kyong-Hoon, Yoon-Sun, & 
Jae-Jun, 2007). Current and future researches and studies are devoted for the purpose of 
reducing the use of raw materials not only for nonrenewable resources but for others as well 
(Berge, 2001). The physical environment and the CI are linked principally by the demand 
imposed by the latter on global natural resources (Ebohon & Rwelamila, 2001). The CI and its 
related materials, services and supply feeder industries are jointly considered to be both the 
world’s largest natural resources consumer as well as a great waste producer (Guerrero, 
Scheublin, Egmond, & Lambert, 2009). For example, the industry impacts on the environment 
throughout the construction cycle from the extraction of materials ending by the disposal of 
construction product (Figure  4.2). Buildings consume energy in their operation and in the 
extraction and preparation of materials and generate waste and pollution (Werner, Henseling, 
Lützkendorf, Deilmann, & Fritsche, 2002; Reffat, 2004a).  
It is estimated that construction is responsible for: 50% of all materials extracted from the earth; 
5% of generated energy during construction; 45% of the generated energy to operate buildings; 
60% of prime agricultural land lost to farming (Wyk & Knoetze, 2007); 20% of fresh water; and 
25% of wood harvest (Reffat, 2004a). The construction sector includes about 40,000-50,000 
types of products many of which contain environmentally dangerous substances (Sigurjónsson, 
Fossdal, Dinesen, Aho, & Glaumann, 2002). Generally, buildings contribute significantly to air 
pollution accounting for: 35% of carbon dioxide emissions; 49% of sulfur dioxide emissions; 
25% of nitrous oxide emissions; 10% of particulate emissions (Reffat, 2004b); and 25% of solid 
waste (Uher & Lawson, 1998). Construction waste is becoming a serious environmental 
problem in many large cities in the developing world where construction activities are growing 
dramatically (Guerrero, Scheublin, Egmond, & Lambert, 2009) due to the rapid rate of 
urbanization (Reffat, 2004a). Kim et al (2007) and Kyong-Hoon et al (2007) classify construction 
waste into 10 types categorized by type of materials disposed. Construction and demolition 
(C&D) waste accounts for about 13-30% of solid waste deposited in landfills worldwide with a 
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ratio of 1:2 of (C&D) waste (Wilson, Skitmore, & Seydel, 1998). In the EU countries the 
construction and demolition waste amounts to around175-370 million tons equal to 0.5-1 ton per 
capita (Gilham, 1998; Ekanayake & Ofori, 2004). The C&D waste in some individual countries is 
estimated at: 15 million tons annually in Netherland; 45 million tons in Germany; (Kibert, 2000); 
1.5 million tons in Finland (Huovila, Häkkinen, & Aho, 1998); 1.5 million tons in Norway (Lahus, 
Lillestøl, & Hauck, 2002; Mehus, Lillestøl, Petkovic, Skaare, & Dønaasen, 2002); and in UK, 
over 50% of the waste is from construction (Ekanayake & Ofori, 2004). DCs lack consistent 
studies on construction and demolition waste generation with available studies exclusively 
consider the formal sector (Angulo, Miranda, & John, 2002). Datta (2000) estimates the amount 
of construction waste in DCs at 20-25% of materials used. This estimate is as twice as the 
corresponding estimates in industrialized countries. In Chile, for example, 3.5 million tons of 
C&D waste is generated of which only 10% is placed in authorized and controlled landfill sites 
(Ekanayake & Ofori, 2004).  
 
Figure  4.2: The impact of construction on the environment 
Source: Sawachi et al (2002a) 
The degradation of the environment by construction activity is inevitable, thus minimizing the 
impact of construction is the only way towards environmental sustainability (Erkelens, 2000). 
Singh (2007) noted that the development of the CI in the past, focused on cost reduction, high 
tech materials and mechanization with marginal consideration to its ecological footprints and the 
best utilization of resources (i.e., deconstruction, recycling and reuse). The advantages of 
deconstruction of buildings as a means of maintaining the highest possible value for materials 
have been extensively reviewed in the literature (Kibert, 2000). According to Ganesan (2000), in 
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a sustainable system, resources should flow continuously as a closed loop minimizing waste 
and recycling materials over and over. 
The reuse of materials to close the materials cycle has been proposed to improve the economy 
of materials and energy resources (Roth, Eklund, & Simonsson, 2002). For example, a study by 
Blengini et al (2007) demonstrates the economic and environmental viability of using recycled 
aggregate in comparison to virgin (natural) aggregate in Italy. The recycling of construction 
waste, however, does not seem to be common in DCs as it is in developed countries, where: in 
the EU 28% of the construction and demolition waste (CDW) is recycled (de Brito, Gonçalves, & 
dos Santos, 2002); in Finland 20-30% of the building waste is recycled (Huovila, Häkkinen, & 
Aho, 1998); and in Netherlands about 95% of CDW is reused, mainly in road construction (Dijk, 
Zwan, Fraaij, Hendriks, & Mulder, 2002).  
Torring (1998) suggests three determinant factors, related to the building and construction 
industry and the consumption of energy and resources, for the use of C&D waste, namely; 
population density; occurrence of and access to natural materials; and level of industrialization. 
Indeed, it is the government responsibility to take the initiative to encourage for re-
using/recycling materials through strict regulations as been demonstrated in many countries 
(Kibert, 2000). 
Attempts to build models and establish criteria to measure the impact of construction activities 
have been made (Angioletti, Gobin, & Weckstein, 1998). The Organization for Economic 
Cooperation and Development (OECD) identifies five objectives for sustainable construction: 
resource efficiency; energy efficiency (including greenhouse gas emissions reduction); pollution 
prevention (including indoor air quality and noise abatement); harmonization with environment; 
and integrated and systemic approaches (Hayles & Kooloos, 2008). According to Huovila et al 
(1998), Ornth (2002) and Moedinger (2005), environmental sustainability in construction could 
be interpreted as:  
• intensified energy-efficiency and maximum utilization of renewable energy resources; 
• prolonged service life; 
• reducing the use of natural resources and promotion of the use of by-products; 
• reducing waste and emissions; 
• recycling of building materials; 
• enhance the use of local resources; and 
• implementation of quality assurance and environmental management systems 
The load of the CI on the environment is attributed to the energy consumed and emissions 
generated during the manufacturing process of BMs as well as during their transport and use. 
The construction materials account for about 80% of materials taken by all industries (Sturges & 
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Lowe, 2000). Building materials consumption of energy, during the process of conversion from 
raw materials to manufactured construction products, accounts for 75% of the total energy 
consumed by the construction sector (Ebohon & Rwelamila, 2001). The energy consumed 
during the operational life of a building/facility is mainly attributed to the materials used in its 
construction. The total primary energy that has be sequestered from a stock within the earth in 
order to produce, transport, maintain and dispose the materials within a specified product, 
component, element or building is referred to as “embodied energy (ee)” (Edwards & Hobbs, 
1998). The embodied energy associated with construction materials is not as high as that of 
materials processed in other industries (Sturges, Egbu, & Bates, 1999). Yet, the embodied 
energy of construction materials is considerably high when taking into account the share of 
construction materials in the total amount of materials taken by all industries. Generally, 
transport impacts negatively on the environment through air pollution, noise, energy 
consumption, global warming and acid gas emission (Utama, Kodoatie, & Aprilia, 2005). 
Transport alone contributes around 10% of energy in all BMs (Critchley, 2000). Nakajima et al 
(2002) proposed the following equation to calculate the embodied energy and embodied CO2 
associated with building components. 
  	
  	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Where, E is the embodied energy or the embodied CO2 of building component, 
Qmi is the amount of the primary product i consumed in manufacturing process; 
Emi is the embodied energy or the embodied CO2 of the primary product i; 
Qej is the amount of the energy source j consumed in the manufacturing process; and 
Eej is the embodied energy or the embodied CO2 of the energy source j. 
Estimates attribute 15.3% of the global green house gases (GHG) emissions to buildings. When 
industrial emissions and road transport come into consideration this share comes to a range of 
20-25% (Larsson, 2007). The manufacturing of construction materials is responsible for about 4 
to 13% of the total emissions to air in the UK (Parrott, 1998). Lee et al (2007) suggest that the 
main building materials (i.e., steel, cement and ready mix concrete) are overtly responsible for 
the energy consumption and CO2 emissions. Cement production alone provides about 7% of 
the world CO2 emissions (Grodzicka, Siemaszko-Lotkowska, Józwiak, & Kon, 2004), thus 
comes as the third largest contributor to the GHG effect, after power generation and road 
transportation (Crowley, 2003). The negative impact of materials manufacturing and 
transportation seems to be higher in developed countries than in DCs. Ofori (2000) summarizes 
the impact of construction on the environment as illustrated in (Table  4.1). 
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Table  4.1: The environmental impact and considerations of construction activities  
What is used  Where it is built  How it is built  What is built  
• where raw 
materials are 
obtained  
• location of facility; 
nature of terrain and 
ground conditions; 
alternative uses of 
the land  
• methods of 
construction on site  
• planning and design 
of facility (e.g. 
potential of day 
lighting and natural 
ventilation)  
• how raw materials 
are extracted; how 
land is restored 
after extraction (if 
necessary)  
• immediate physical 
environment; 
proximity to water 
sources and 
ecosystems  
• construction project 
management 
systems (e.g. quality 
management 
systems)  
• life-cycle economic, 
quality, maintainability 
considerations  
• how raw materials 
are processed  
• social disruption 
(e.g. displacement 
of site’s inhabitants)  
• site control 
measures 
(housekeeping)  
• extent of use of 
energy and other 
resources in operation 
of building  
• whether and how 
renewable raw 
materials are 
regenerated  
• economic disruption 
(e.g. loss of 
livelihoods of 
previous 
inhabitants)  
• welfare of site 
workers, neighbors 
and general public  
• ease of demolition of 
building 
(deconstruction)  
• how materials are 
transported to and 
stored on, site  
• present 
infrastructure, need 
for expansion to 
serve new building, 
its impact  
• resource 
management 
(including waste 
minimization)  
• recycling and reuse of 
demolition waste  
• how materials are 
moved on site  
• impact on local 
vehicular traffic 
 
Source: Ofori (2000) 
4.4. Measuring Sustainable Development in Construction 
Studies on sustainability in construction in developed countries tend to emphasis more on the 
environmental footprints of construction rather than its social and economic impacts (Keeping, 
2000; Crocker, 2002). Gibbered (2003) suggests ensuring the maximum beneficial social and 
economic impacts of any investment rather than merely concentrating on minimizing its 
environmental loads. Sustainability in developed countries, however, focuses largely on the 
reduction of energy, materials and resources consumption to more acceptable levels (Kobet, 
2002). Notwithstanding the fact that DCs consume far less resources and releases far less 
emissions than developed countries, the environmental degradation threats the physical 
survival of the poor living in these countries (du Plessis, 2002b). Thus, preserving the 
environment should be of even greater interest to DCs (UNCHS, 1996).  
There is a general consensus to incorporate the environment as the fourth goal on construction 
projects along with cost, quality and time triumvirate (Ofori, 1992; Huovila & Bourdeau, 2000; 
Smallwood, 2000)  (see Figure  4.3). However, the impact of the CI on the environment, which is 
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probably more important in DCs than in developed countries, is often marginalized (du Plessis, 
2002a). The CI in DCs lags behind other sectors in terms of responding to environmental 
problems (Ofori, 2000). Hence, DCs need to incorporate environmental impact assessment 
measures and tools into their CIs. Huovila and Bourdeau (2000) noted that calculating and 
testing of environmental loads of buildings are often imprecisely verified. Yet, performance 
criteria and indicators for sustainable construction are needed to assess the performance of the 
CI through individual projects and activities to measure their load on the environment (Uher & 
Lawson, 1998).  
Figure  4.3: The concept of sustainable construction 
Source: CIB (1999a, p. 42) 
Peretti & Grosso (2004) have proposed a set of objectives and requirements of sustainability in 
buildings (during the use and non-use phases) classified by the reduction of environmental 
loads, the rational use of resources and health and comfort of users. They have developed a set 
of indicators for measuring these requirements as well. Globally, different approaches, methods 
and tools have been developed to measure the environmental loads of different construction 
activities. The environmental implications of every single construction activity should consider 
the whole cycle of construction “cradle-to-gave” in relation to place, process and product. This 
requirement implies that all construction stages and sub-activities are concerned. Cradle-to-
grave approach considers a construction product (building’s) total economic and environmental 
impact and performance, from material extraction and product manufacturing to product 
transport, building design and construction, operation and maintenance and building 
(materials/component) reuse or disposal (Reffat, 2004b). The transformation of materials and 
energy into construction products is referred to as the “metabolism of materials” (Guerrero, 
Scheublin, Egmond, & Lambert, 2009). Gruhler (1998) argues that the phase of use during the 
life of building components could possibly be of greater importance than the merely product. 
The energy needed for operation of dwellings, for instance, accounts for about 85-95% of the 
energy use (Thormark, 2002). Gaspari & Barucco (2007) have identified a set of demand and 
requirements for sustainability of buildings in regard to constructors, neighborhood, resource 
use, energy, durability, adaptability, reuse and recycling, health and well being and economic 
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aspects. Maggi (2004) shows the relevance of the attention, ranging from high to medium, 
ending with low, to be paid to the sustainability during different phases of building process. 
The selection of BMs should consider the ecological impacts related to raw materials extraction, 
manufacturing, construction, use, maintenance, final disposal and reuse and recycling 
(Giordano & Torresan, 2007). Life cycle assessment (LCA) methods and tools are developed for 
this purpose to provide information about the economic and environmental impacts of 
construction products throughout their life cycle (Ashworth, 1998) (see Figure  4.4 & Figure  4.5). 
LCA aims to show which materials or stages of building life are more liable for environmental 
damages (Massone, 2007). The goal of assessment is to evaluate the environmental 
compatibility of products, processes and actions with sustainable development principles (Pollo 
& Rivotti, 2004). Environmentally sustainable building materials require identifying the most 
significant environmental impact caused by the processes or activities in their manufacturing 
(Seo, Tucker, & Jones, 2003). According to Ornth (2002) three protection objectives stand at 
the forefront of the environmental assessment, namely: protection of human health; protection 
of the ecological system; and protection of resources. Walsh (2000) cited a definition for Life 
Cycle Assessment as “Compilation and evaluation of the inputs, outputs and the potential 
environmental impacts of a product (and/or service) system throughout its life cycle”.  
Figure  4.4: Life Cycle of buildings
Source: Nakajima et al (2002) 
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Figure  4.5: Life Cycle Assessment of buildings 
Source: Frezza & Crocco (2002) 
LCA tools are, generally, originated to minimize global impact, measuring resources and energy 
consumptions (Frezza & Crocco, 2002) as well as emissions and waste originated from 
buildings during their life time (Kaivonen, 1998). Performance rating and labeling prove to be a 
cost-effective way to improve the performance of new and retrofit buildings (Moro, 2007). Many 
countries and institutes have developed their own general approaches, framework, principles 
and requirements for conducting and reporting LCA studies. Therefore, different LCA methods 
and tools have been developed in different countries. All approaches and methods are similar in 
principal, however, they differ in the subject of consideration (Gruhler, 1998) and rating systems 
(Yokoo & Oka, 2002). Accordingly, minimum levels of resources consumed and maximum 
levels of emissions and waste generated could be set as criteria for scoring and rating the 
performance of a single construction product (Huovila, Häkkinen, & Aho, 1998). 
LCA systems emerged in response to the calls for sustainable development by a number of 
developed countries (Uher & Lawson, 1998). The BREEAM (UK) developed in 1990 was the 
first assessment system developed to assess the performance of building throughout its life 
cycle (Grace, 2000). Among the other well known systems are, BRE Office Tool Kit (UK), Home 
Energy Rating (UK), BREDEM (UK), Waste/Environmental Data Sheet (Europe), European 
Eco-labeling (Europe), SIB (Switzerland), BauBioDataBank (Germany), Ecocerto (Italy), 
COM.PRO (Italy) EcoLab (Netherlands), BMES Index (Australia), Athena (Canada), BEPAC 
(Canada), LEED (US), BEAT (JAPAN), SBTool & GBTool (international). A brief review of the 
above systems can be found in (Nakajima, Sawachi, Kodama, Yamahata, Oka, & Tsuchiya, 
2002; Yokoo & Oka, 2002; Giordano & Torresan, 2007; Moro, 2007). 
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Systems and tools for measuring the impact of building products have been extensively 
investigated and analyzed to show their scope, contents and limitations. Moro (2007) has 
highlighted the role of public institutions, banks and insurance companies in adopting 
performance and rating systems in Italy. Tian and Lin (2007) have investigated 28 of those 
systems and tools reviewing their space and time distribution and categorizing them into 3 main 
categories, namely: (a) Integrated Building Environmental Performance Assessment System 
(IBEPAS); (b) Life Cycle Environmental Impact Assessment Tool (LCEIA); Environmental Load 
Assessment (ELA). Howard (2005) reviewed about 19 rating systems for environmental 
assessment and their scope in regard to site, transport, energy and atmosphere, materials and 
resources and indoor environment. Chae et al (2007) made a comparison between 9 systems 
employed worldwide in terms of domestic environmental declaration of product (EDP). Holthe 
and Pettersen (2002) have provided a model of ten steps to help prioritize different comparable 
products according to their different environmental loads. A comparative study on two different 
walling systems in Italy (Moro, 2007) demonstrates the role that LCA can probably play in the 
choice of appropriate materials and technologies according to their environmental loads. DCs 
could possibly benefit from similar approaches to incorporate the environmental sustainability 
dimension in their CIs. Attempts have been made to develop performance assessment tools for 
buildings/facilities in DCs such as in South Africa (Cole, 2005). 
4.5. Challenges Facing Sustainable Construction Practice in DCs 
Sustainability as a concept has only recently been introduced to DCs and is not yet a priority (du 
Plessis, 2002b). Development of DCs will require considerable physical resources in order to 
meet the requirements of economies and people, thus it will exert huge and severe demand 
pressures on the resources available (Ofori, 2000; Ebohon & Rwelamila, 2001). DCs should be 
seriously concerned about natural resources depletion, environmental pollution and social and 
economic lack of equity (Conte, 2002). Since that DCs are confronted with pressing social and 
economic concerns, their interpretation to sustainable development and sustainable 
construction is qualitatively different from developed countries (Cole, 2005). The differences in 
context, in terms of sustainability issues, between developing and developed countries are often 
clearly understood and discussed (du Plessis, 2002b). 
The environmental problems of DCs exist in juxtaposition with lack of managerial experience, 
financial resources and legal and administrative systems necessary to deal with the issue (Ofori, 
2000). The majority of DCs seems to be incapable of developing efficient CIs let alone following 
sustainable practices in construction. Lack of awareness of (Liu G. , 2002; Sourani & Sohail, 
2005) and interest in (du Plessis, 2002a; Liu G. , 2002) sustainable construction, in both 
developed as well as developing countries hampers the application of sustainable construction. 
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Baiche et al (2008) found that sustainable practice is not very common amongst the majority of 
consultants and contractors in Zambia. The same situation exists in the Bahamas (Bonamy, 
2008) as well as in many DCs. On the contrary, a study on the Kenyan CI by Watuka and 
Aligula (2002) revealed a relatively high level of awareness on sustainable construction 
practices. The study attributes the weak responsiveness of the industry to sustainability to the 
marginality of application of sustainable practices and the negative attitude of the participants in 
the CI. Ofori et al (2002) also indicated that the majority of construction firms in Singapore are 
aware of environmental management systems and actually take some environmental protective 
decisions and measures. They have studied the contactors’ expectations of ISO 14000 
certification system concluding that the contactors’ commitment to the environment is 
handicapped by their cost-benefits concerns and their expectation of direct short term benefits. 
Thus it appears that the awareness of sustainability is not the problem, the real challenge lies, 
actually, in the application of sustainable practices.  
The CI is faced by the fact that environmental impacts are numerous, difficult to quantify and 
deeply interconnected. A solution of a single environmental problem may cause further and 
possibly worse problems (Blengini, Garbarino, & Zavaglia, 2007). Ebohon and Rwelamila (2001) 
argue that the majority of SSA countries, apart from South Africa and few other countries, 
procure almost all of its manufactured BMs needs thus they impose no environmental burdens 
on their immediate environment. They foster their argument by the assumption that in many 
cases these materials might be produced in countries where environmental footprints of 
production are accounted for and sustainable practices are followed. However, this argument 
focuses only on the environmental impact of BMs manufacturing disregarding the social and 
economic impact of producing these materials in house. It could be argued as well that 
transporting these materials over long distances imposes environmental burdens (Hayles & 
Kooloos, 2008) which might probably be offset by local production of the same goods. 
du Plessis (2002a) and Sigurjónsson et al (2002) suggest that environmental issues are 
function of time and place, thus the interpretation of sustainability differs in context among 
different countries as well as within a single country at different points of time. du Plessis 
(2002a) has identified the barriers to sustainable construction in DCs to include: lack of capacity 
of the construction sector; an uncertain economic environment; lack of accurate data; poverty 
and low urban investment; stakeholders’ lack of interest in the issue of sustainability; 
technological inertia and dependency; lack of integrated research and entrenched colonial 
codes and standards. Shared with experiences in the developed world, lack of knowledge and 
information on sustainable construction issues and appropriate, affordable solutions are major 
obstacles that need to be overcome (Hayles & Kooloos, 2008). It is important to note that 
sustainable development and sustainable construction are cross-disciplinary involving all 
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stakeholders of the CI (Persson, 2002). According to Bakens (2003), stakeholders who jointly 
share responsibility for sustainable construction are difficult to identify due to the lack of clear 
and consensus-based definition of the construction sector that encompasses all relevant 
stakeholders. Additionally, DCs are already confronted with the lack of coordination in their CIs, 
thus attempts to follow sustainable practices on all industry levels seem to be quite challenging.  
Attempts to incorporate sustainable development principles in the CIs of DCs is hampered by 
the perception that sustainability is a luxury addition and will increase costs and reduce profits 
(Reffat, 2004a). Sustainability is not about new costly technologies, it is more about 
appropriateness of technologies. If technology and design are too expensive for the average 
person, then it can never be sustainable (Egmond & Erkelens, 2008), hence it will not be easily 
accepted (Hayles & Kooloos, 2008). Following sustainable practices in construction, thus, does 
not imply, by any means, eliminating local and traditional practices. Sultan and Kajewski (2006) 
state that the traditional construction in Yemen is more sustainable and better suited to local 
conditions than that introduced by imported technologies. Norton (1999) argues that traditional 
planning and building methods were often good example of sustainable architecture in their time 
and represented good uses of local resources matched with local skill. However, the adoption of 
the same traditional approaches may have become inefficient or inapplicable. Consequently 
adaptation to the current conditions is called for. 
Willis and Rakin (2008) call for the recognition of benefits of assessing and improving the 
performance of CIs of DCs with respect to sustainability in tandem with other objectives (i.e., 
cost, time and quality). They recommend carrying out pilot studies to convince the industry 
stakeholders that the industry - with respect to sustainability - can be properly assessed and 
improved. Ofori (2000) advises DCs to derive lessons from industrialized countries by adopting 
materials, techniques, practices and measures which result in construction operations and 
products of a lower environmental impact. A marked distinction exists between developed 
countries and DCs in their ability to deal with environmental problems. Thus it is important for 
DCs to consider these differences and their institutional capacities when adopting practices and 
measures from developed countries (Ebohon & Rwelamila, 2001). 
4.6. Conclusions 
This chapter drew considerable attention to the urgency of fulfilling sustainable development 
principles in the CI and the BMI. It accentuated the importance of considering the entire life 
cycle of a building if sustainability is to be attained. This chapter provided some guidelines for 
attaining sustainability in construction. It also discussed the importance of measuring the 
impacts of buildings on the environment and provided some examples for LCA systems and 
tools. The chapter ended up by spelling out some of the challenges facing sustainable 
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construction practice in DCs. A general consensus indicates that DCs should develop their 
indigenous construction and building materials industries by exploiting local materials and 
technologies in order to achieve sustainable development goals. It is noted that sustainability 
issues are function of time and place, therefore, both traditional and innovative technologies as 
well as laws and regulations should be adapted to the context and current conditions in a 
country. 
  
 
 
 
 
 
 
 
 
 
5. Chapter Five: Appropriate Materials and Technologies for 
Construction in Developing Countries: The Potential Role of 
Globalization, Innovation and Technology Transfer 
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5.1. Introduction 
“Globalization, innovation and technology and knowledge transfers have significantly changed 
the dynamics in the world economy” 
Egmond and Erkelens (2007, p. 1393) 
Sustainable construction calls for the application of appropriate building materials and 
technologies that meet the requirements of sustainable development. Appropriate technologies 
are those that respond to the local environment, resources, and economical needs. Ofori 
(1994c) argues that the CI in DCs fails to stimulate activity in other sectors of the economy as a 
result of inadequate technologies employed by the industry. The next part of this study 
discusses the issues of appropriateness of technologies and the factors to consider in the 
choice of technologies. It highlights the potential role globalization, innovation and technology 
transfer can possibly play in the adoption of appropriate technologies. The problems of 
successfully transferring technologies in DCs are highlighted. 
5.2. Appropriate Technologies: An Overview 
Construction, in general, can offer a wide range of technological answers to the same functional 
problems (Turin, 1978; Drewer, 1980). Thus multiple choices of technologies could be possibly 
offered to be adopted. It is of great importance to know the real characteristics, performance 
and possible impact of these choices in order to select the most appropriate to use and adopt 
(Marques & Salgado, 2007). Similarly, many of the BMs may be produced at different levels of 
technology. DCs need to adopt the most appropriate technologies which will enhance large 
production of affordable durable BMs (Hammond, 1983). 
Technologies, applied for construction, are defined by construction methods followed and 
materials used. Construction methods are directly related to the availability of skills and 
workforce, while materials used are related to the resources available. Commonly, the choice of 
technology largely determines the resources mix and techniques used in construction 
(Moavenzadeh, 1978). 
“At any stage, man’s development and his achievement in time, has been marked by two 
factors; resources and technology”. 
 (Jain, 2007, p. 1299)  
Critical resources are different in different construction technologies (Turin, 1978). Thus, the 
appropriateness of technologies to a specific country is also determined, among other factors, 
by the extent to which it fits the socio-economic and cultural contexts, resources and skills 
available, level of technological development and environmental requirements. Indeed, the 
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appropriateness of technologies employed in construction is basically determined by the level of 
technological development the CI acquires. du Plessis (2002a, p. 39) defines appropriate 
technologies as “those technologies that respond to the local environment, resources and 
economic needs”. Ofori (1985) states that materials to be chosen for development and 
utilization should be as close to what the people are familiar with and perceived as progressive 
material as possible.  
Within a single country’s CI, both technologies - labor-intensive and capital-intensive - can be 
possibly employed. According to Turin’s matrix, projects in the international modern and national 
modern subsectors are usually capital intensive meanwhile projects in the national-conventional 
and the traditional subsectors are labor intensive. The CI worldwide is transforming from a 
labor-intensive to a capital intensive industry (Weddikkara & Devapriya, 2000). Choice of 
technology by DCs in terms of labor and capital intensity has been a debatable issue.  
5.3. Choice of Technology for Sustainable Construction in Developing 
Countries 
Generally, the CI is characterized as either labor-intensive or capital intensive in terms of the 
technologies adopted and applied. Each typology has its positive and negative attributes. On 
one hand, labor intensive technologies generate employment and provide greater participation 
opportunities for small contractors as well as the informal sector in the construction process. 
Drewer (1980) argues that the development of indigenous construction capacity requires the 
involvement of small contractors and the informal sector efficiently. On the other hand, capital 
intensive technologies usually involve foreign contractors, however, with higher capital intensity 
and higher labor productivity (Hillebrandt, 1999). Richard (2006) suggests industrializing the CIs 
of DCs as a means of overcoming the high costs of construction. This view limits the problems 
of the CI to the costs of construction. Indeed, the problems of the CI in DCs should not be 
presented in financial terms only. The CI, as part of the economy, should consider all other 
variables of economic output and development indicators. Santosa (2005) argues that 
appropriate technology can help reducing the cost of construction and the use of building 
materials and energy. 
Hillebrandt (1999) demonstrates the argument for both advocacies showing their positive impact 
and the problems associated with their implementation. While substituting labor for capital 
appears to be suitable for developed countries, it is unlikely to be appropriate for DCs 
(Moavenzadeh, 1978). In general, DCs are advised to adopt labor-intensive technologies for 
their CIs (Wells, 1985a; 2003; ILO, 2001) and to exploit locally available resources. Similarly, 
DCs should employ labor-intensive and semi-mechanized methods in the production of BMs as 
highly mechanized methods appear not to be suitable for these countries (Hammond, 1983). 
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Indeed, in the context of DCs, given their socio-economic conditions, appropriate technologies 
lie in maximizing the labor force absorbed by the CI as well as the use of local materials and 
resources. Furthermore, the use of simple technologies, local materials and little equipment 
contribute to limit foreign exchange problems imposed by imports (Hillebrandt, 1999). In this 
regard Ofori says:  
“A truly appropriate construction technology would support a range of activities in the 
economy: stimulation of support activities such as the production of materials and 
components, simple equipment and tools; use of human resources; and thus a 
successful completion of buildings and works to enable further socio-economic activities 
to take place, thus generating further construction demand ” 
(Ofori, 1994b, p. 49)  
However, what seems to be appropriate to country (A) might be inappropriate to country (B). 
Surprisingly, this situation could be observed within different regions of a single country as well. 
Some technologies which seem to be economically feasible, financially affordable and 
environmentally suitable may face opposition if they do not express the culture of ultimate users 
(Sodagar, Raynor, Blanchard, & Taylor, 2002). du Plessis (2002a) noted that technologies that 
are appropriate at a national level must also be segregated from those that are appropriate for 
local consumption. Owing to the differences in traditional building materials and methods, 
climatic and soil conditions, purchasing power and the endowment of raw materials within 
different regions of many countries, a national outlook in the development of local materials, 
thus, will not always be possible (Ofori, 1985). 
Regardless to the choice of technologies to be made in terms of labor and capital intensity, 
there is a general consensus that appropriate technologies are those which use local resource, 
exploit abundant labor and consider a country’s peculiarities (Moavenzadeh, 1978; Wells, 1984; 
Ofori, 1994b; Watermeyer, 2001; du Plessis, 2002a). According to Drewer (1980) appropriate 
technologies are essential to the development of high quality construction outputs and 
indigenous resources. Many DCs procure their materials, equipment and professionals from 
abroad. Thus, DCs are accused of adopting inappropriate designs and technologies which do 
not match the local resources and indigenous socio-economic conditions (Nordberg, 1999; 
Kumaraswamy, Lizarralde, Ofori, Styles, & Suraji, 2007). Professionals and decision makers 
often oppose traditional materials and methods (Makenya, Rwelamila, & Chobya, 1998) which 
are based on local resources. As a result, local users become reluctant and prefer modern BMs 
which reflect high status and prestige. The adoption of designs and materials, which are not 
appropriate for local use, results in unsustainable development (Makenya & Nguluma, 2007). 
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Drewer (1980) states that many DCs possess the adequate technologies and skills required for 
many of the construction works they require. He argues that the adoption of inappropriate 
technologies by DCs in not attributed to technological vacuum in these countries, but rather to 
“modern” technologies which are imported without the serious consideration of the “traditional” 
alternatives. Many of the modern BMs are not affordable to the local populace of DCs and do 
not suit the climatic and environmental conditions in those countries (Krisprantono, 2007). Local 
building materials (LBMs) in DCs have been proven to be climatically friendly (du Plessis, 
2002a) thus climatically appropriate as well as economically viable (Utama, Kodoatie, & Aprilia, 
2005). Most of the LBMs are less energy-intensive and some also possess some positive 
environmental features (Ofori, 2000). The local technologies and resources are thus remaining 
inefficiently exploited. This in turn will adversely affect the performance of the construction 
sector and the economy as a whole. du Plessis (2002b) suggests learning lessons offered by 
traditional technologies and adopting them to modern times to attain sustainable construction. 
By incorporating modern building technologies into indigenous technologies based on the local 
conditions of a country, a contribution towards sustainable construction could be attained 
(Makenya, Rwelamila, & Chobya, 1998).  
Barony et al (1983) state that the need is for developing low-cost housing systems depending 
on LBMs and locally developed or well suited imported technology coupled with the 
identification and creation of a national or regional architectural planning identity matching the 
social and environmental requirements. Many research institutes, universities and international 
organizations worldwide devote significant efforts to develop technologies widely incorporating 
materials which can be available in most countries. Examples of these efforts are: (a) building 
with earth: the Building Research Institute, University of Kassel, Germany (Minke, 2007); (b) 
compressed stabilized earth blocks (CSEBs) Manufacture in the Sudan: United Nations 
Educational, Scientific and Cultural Organization (UNISCO) (Adam & Alagib, 2001); (c) low cost 
housing: Housing Research and Development Unit (HRDU), University of Nairobi in 
collaboration with Eindhoven University of Technology (TU/e), Delft University of Technology 
(TUDelft) and the Instituto de Investigación Universidad y Región (IIUR) of the Universidad 
Nacional San Antonio de Abad Cusco (UNSAAC) (Erkelens, 2007). However, DCs have little 
chance in the selection of technology for a particular purpose especially when the technology is 
tied up with foreign aid on which many DCs depend for their development (Hammond, 1983). 
 Kumaraswamy et al (2007) argue that as being impossible for a country to outsource all its 
construction needs and that some of the sensitive strategic infrastructure projects will not be 
entrust to foreign firms, a local CI is necessary. Nordberg (1999) blames governments for not 
encouraging and/or facilitating the use of innovative materials and technologies which prove to 
be appropriate from the social, economical and environmental perspective. As been discussed 
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in chapter ( 3), the construction sector has been marginally considered in the national 
development plans in DCs. Ofori (1988; 1993b) recommends governments to introduce 
appropriate innovative materials and technologies through public sector projects. 
Ofori (1994b) and Wells (1984; 1985a) attribute the inappropriateness of technologies adopted 
and materials used to the prevailing regulations, codes and standards (imposed by 
governments) which do not support the use of local materials and skills. In many DCs, the 
existing building codes may not permit certain building materials (Erkelens, 1983; Tackle, 
1983b). As a result, the development of local materials remains frequently among the 
challenges of CID in DCs (UNCHS, 1988). Watermeyer (2001) states that for DCs, especially 
African nations, to succeed in their endeavors to change the status quo of their CIs, both the 
development of appropriate technologies and standards and standardization of procedures and 
polices is required. Baiche et al (2008) state that the role of governments is to develop policies, 
codes of practice and training programmes to help using local building materials and 
technologies. 
Ofori (1994b) states that technology and materials development in DCs are both well 
researched however, with limited implementation or elusive success. This development aims at 
either the improvement of traditional building materials and technologies or the development of 
new ones (Moavenzadeh, 1978). Ofori (1993b) has highlighted the need for studies searching 
for appropriate construction materials and techniques. Wells (1984) conditioned the 
development of indigenous CI, with self-sufficiency in construction materials, machinery and 
equipment, to the development of local resources of materials and labor and eventually a local 
technology. Thus, it is recommended to identify the potentials of DCs to locally produce the 
construction resources required with minimal reliance on imports. Appropriate BMs to be used 
should be identified and their development through research, marketing and application should 
be supported. However, the question of appropriateness of materials remains broad and 
elusive. The triumvirate principles of sustainable development should be concurrently 
considered in any choice made. Hayles and Kooloos (2008) have identified the challenges that 
DCs face, in regard to the choice of technology, as combining locally sourced, sustainable 
materials with appropriate and sustainable new technologies that innovatively respond to 
construction needs.  
As been mentioned previously (Chapter  4), minimizing the environmental impact of the CI is a 
pressing need in DCs. Choice of technologies should, thus, consider the footprints of those 
technologies employed and the extent to which they comply with sustainable development 
requirements. Fortunately, many DCs have a long history in the use of traditional technologies 
and materials, many of which are sustainable (CIB, 1999a). According to Ofori (1994b) the 
selection of materials should consider: the availability of raw materials; type of raw materials 
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(renewable or not); technical and economical feasibility; cost of transportation; environmental 
considerations of extraction, production and placing processes; social acceptability; and 
affordability. It might, however, be difficult to meet these requirements altogether concurrently 
(Marques & Salgado, 2007). Ofori (1993b) noted that the development of LBMs and appropriate 
technologies in DCs is pursued in isolation from the aforementioned considerations. Hayles & 
Kooloos (2008) argue that environmentally sustainable materials and technologies might not 
always be appropriate if they are not available locally. du Plessis (2002a) advises DCs to apply 
and develop the traditional construction they possess and the local materials they use rather 
than searching for newer technologies. He suggests that efforts should not focus only on 
sourcing new and environmentally friendly materials, but should be extended to embrace 
innovative recycling and re-use (du Plessis, 2002a).  
The definition of sustainability does not discuss any specific technologies (Bell, 2003). However, 
many writers provide some recommendations and develop criteria for the choice of technology. 
According to Santosa (2005), appropriate construction technology should pay attention to 
economically cost-effective materials and sound environment. du Plessis (2002a) noted that the 
principles of appropriate technology include: improvement of products and construction process; 
and reduce resources use, waste and impact. It has been agreed that the key decisions 
determining the construction technology, materials used and skills required are determined at 
the early stages of design and not during the construction phase (Moavenzadeh, 1978; Wells, 
1984; Marques & Salgado, 2007). Hence, it is the designer responsibility to consider the 
principals of appropriate technology. 
Ofori (2000) provides a useful framework for analysing the technologies and materials employed 
in the CIs of DCs in regard to sustainable development requirements (Table  5.1). 
Table  5.1: Characteristics of Sustainable Technologies 
Aspect Remarks 
Low 
environmental 
impact  
very low or benign emissions to the environment in production, use or 
disposal  
no toxic releases, benefits environment indirectly through its efficiency  
Resource 
efficiency  
efficient utilization of material resources, often using recycled material 
based on renewable resources and energy (or minimal use of non-
renewable resources)  
efficient consumption of energy in production and use  
durable, reusable and/or recyclable  
Economic 
advantages  
economically cost-effective compared to conventional product or service  
incorporate externalities in market price  
can be financed by the user through various financial saving streams  
improve productivity or competitiveness of industry and commerce  
Social 
advantages  
enhance or maintain living standards or quality of life  
readily available and accessible by all classes and cultures  
consistent with themes of decentralization, individual control, democracy  
Source: Ofori (2000) 
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Of course, inadequate dissemination of research results hinders the application and thus the 
potentials of transferring knowledge on appropriate technologies (Ofori, 1993b). UNCHS (1988) 
suggests documenting and disseminating the results of researches and works already done 
rather than undertake more research. Ofori (1994b) suggests improving the effectiveness of 
dissemination of construction technologies which are believed to be appropriate to a specific 
context. He suggests some channels through which the knowledge could be disseminated and 
shared, including: exhibitions, demonstration or pilot projects, continuing professional courses, 
changing educational syllabuses... etc. Carrilo (1994) recommends a combination of on the job 
training and formal instructions as the most effective way of transferring technology. The 
dissemination of such knowledge could possibly take place within the CI at intra-country or inter-
countries levels. In other words, appropriate technologies could be adopted through the transfer 
of technology. 
In this sense, it is worthy to study successful experiences which are develop and/or applied 
elsewhere (Makenya, Rwelamila, & Chobya, 1998) to determine the potentials of adopting 
them. All the CI subsectors have the potential to disseminate technical and managerial 
construction skills including the informal sector and self-help schemes (Ofori, 1989). Universities 
and research institutes can play a significant role in this regard (de Bustillos L. A., 2007). Abbott 
et al (2005) suggest the engagement between higher education institutes (HEIs) and the CI and 
the development of knowledge transfer partnerships (KTPs) to facilitate diffusion of innovation. 
Types of engagement, according to Abbott et al, include: personal contacts and staff exchange; 
business support and consultancy; collaborative and contract research; and establishment of 
joint ventures. de Bustillos (2005) have demonstrated the role that HEIs in Venezuela play in 
the transference of knowledge and technology of construction. He provided the example of the 
Housing Communitarian School Association which provides training programs to teach 
appropriate technical construction techniques and contributes to community development. Non-
governmental organizations (NGOs) and community groups cooperatives and associations, 
which work on non-profit basis, can possibly play a significant role in the dissemination of 
knowledge, and thus the adoption of appropriate technologies. NGOs can provide a venue to 
overcome the non-existent linkage between the formal and informal construction sector 
(Egmond, 2004) by involving the local population (Lefebvre, 2004). Hence, NGOs can 
effectively help disseminating knowledge about appropriate and innovative technologies to the 
informal sector. Furthermore, NGOs have been instrumental in the provision of BMs with the 
aim of reducing costs for self-help builders (Lefebvre, 2004). Indeed, NGOs can play a role in 
introducing appropriate building materials and technologies through their BMs distribution 
centers. Conte (2002) suggests forming alliances based on technology development between 
universities, industries and government to bridge the communicational gap between 
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researchers, producers and policymakers. According to Baiche et al (2008) these alliances 
could be extended to include countries by establishing knowledge-transfer partnerships 
between DCs to adopt standardized and successfully applied technologies. Ofori (1994c) 
proposed different vehicles for transferring technologies (Table  5.2) using the construction 
industry matrix proposed by Ofori (1993a).  
Table  5.2: Construction technology transfer to various sectors of the industry 
Part of industry Features of technologies and suitable vehicles
International 
Large
Technologies likely to be infrequently used. Management systems most relevant. 
Transfer by observation, seminars introducing 'strategic' technologies and 
subcontracting of work involving less advanced techniques. Development of skills 
for maintaining the completed facility is very important.
Conventional 
large
Many technologies would be relevant. Selection of 'strategic' technologies and 
transfer through joint ventures with large local companies. Counterpart training 
should be stressed. Measures are required to prevent joint ventures of 
convenience. Public sector projects can be used for transfer.
Conventional 
medium/small
Many possible approaches. Diffusion of technologies from large local companies 
in conventional large sector and from research centers. Reference to literature 
and attendance at conferences. TCDC is relevant. Transfer of appropriate 
technologies from non-governmental and specialist commercial organizations 
abroad is also relevant.
Self-help Appropriate technologies can be transferred to local communities for creation and 
maintenance of basic buildings and infrastructure. Transfer trough demonstration 
and training.
Monetary-
traditional
Improved materials and related techniques to be transferred to itinerant 
tradespersons through extension programmes involving research centers
Subsistence Transfer of improved materials and related techniques to rural householders 
through mass media and exhibitions
Source: Ofori (1994c)  
5.4. Innovation, Knowledge and Technology Transfer 
Technology is defined as “a combination of knowledge and skills embodied in products, with 
product technological characteristics and production processes that are composed of a complex 
of inextricably interrelated process technology components: techno-ware (equipment, tools, 
machines), human-ware (manpower), info-ware (documented facts) and orga-ware 
(organizational framework)” (Egmond & de Vries, 2002; Egmond & Erkelens, 2008). Ofori 
(1994c) defines technology as “the application of the existing body of knowledge (science) to 
the production of goods and services. It embraces equipment, tools, techniques, materials, 
systems, processes, information, the goods and services produced and their use” Egmond 
(2000) and Egmond & Erkelens (2008) define technology as “a product, with particular 
technological characteristics like its functionality, appearance or geometry, materialization, 
physique-technical characteristics, production complexity and costs”. On the other hand, 
innovation is defined as “ideas or practices that are perceived as new” (Rogers, 2003). Ofori 
(1994c) noted that construction technology embraces materials, plant and equipment, 
organizations, procedures and information systems used in planning, designing, constructing, 
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maintaining, repairing, altering and demolishing buildings and infrastructure. He stated that 
construction technology development involves both imaginative solutions to specified problems 
and the development of alternatives to existing materials and methods. 
According to Gesey et al (2006) innovation is defined as “a successful exploitation of new idea”. 
Innovation is seen as a cyclic process that includes not only the invention of technologies, but 
also the diffusion in terms of flows of technologies and knowledge, adoption, application, 
maintenance, adaptation and incremental development of these technologies (Egmond, 2004; 
Egmond & Erkelens, 2008) (Figure  5.1). Rogers et al (2005) define the diffusion as “the process 
through which an innovation spread via communication channels over time”. The diffusion is 
accomplished through human interactions and communication between members of a 
community of practice (Rogers, 2003).  
Technology transfer (TT) has been defined by (Rodriges, 1985) as “the application of new 
technology to a new use or user for economic gain”, another definition produced by Rogers 
(1972) states that technology transfer is “the process by which an organization adopts an 
innovation made by another organization”. Bakar (2006) used the definition of technology 
transfer (TT) in construction as “the planned conveyance and acquisition of technological 
knowledge and technique during the implementation of international construction projects”. 
Similarly, Carrillo (1994) defines technology transfer as “the process whereby knowledge in 
some form is transferred from a person or organization that possess it (the transferor) to another 
person or organization who arranges to receive it (the transferee)”. On the other hand, Norton 
(1999) describes sustainable architecture as a process that can be replicated. Replication 
involves diffusion of knowledge and technology. du Plessis (2002b) and Moon (2007) argue that 
if the technology and the design are too expensive for the average person, they can never be 
sustainable because they will not be widely adopted. Hence, technologies that increase the total 
capital cost of construction or infrastructure should face opposition (du Plessis, 2002a; Hayles & 
Kooloos, 2008). 
Figure  5.1: Innovation Cycle 
Source: Egmond (2004) 
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For a society to acquire products and services, three options are available; (a) acquiring from 
abroad, (b) developing locally, or (c) acquiring the production process from abroad and produce 
locally. Options (a) and (c) involve an international transfer of technology (ITT) resulting in an 
increased technology status. In this context, Egmond and de Vries (2002) define technology 
transfer as “any form of transmittal of technology over space, across the borders, between 
institutions or within the same institution” (Figure  5.2). From the aforementioned definitions, 
technology transfer is not about absolute new ideas it is rather about sharing these ideas. 
Figure  5.2: International Technology and Knowledge Flow 
Source: Egmond & de Vries (2002) 
The terms technology, innovation, diffusion and technology transfer, jointly, form the backbone 
of the national system of innovation which is defined as “set of distinct institutions which jointly 
and individually contribute to the development and diffusion of new technologies and provide 
the framework by which governments form and implement policies to influence the innovation 
process”. As such, it is a system of interconnected institutions to create, store and transfer the 
knowledge, skills and artifacts which define new technologies (Milford, 2000). 
Technology transfer (TT) has different types depending on the categorization approach. For 
instance, TT can be classified according to the sources of technical knowledge or the way in 
which the technology is applied after the “transferee” has received it. Horizontal transfers refers 
to the transfer of technical knowledge within the same industry, whereas, vertical transfers 
whereby research institutions transfer technical knowledge to firms. Three categories of TT are 
suggested based on the application of transferred technology; single-track transfer which refers 
to a transferred technology that is applied without any change, new-track-transfer for a 
technology applied with partial adjustment, and cross-track-transfer when the technology is 
used for a different purpose (Liu C. C., 2007). Ofori (2000) refers to the horizontal transfers of 
technology as “intra-industry diffusion of technology and knowledge”. Additionally, TT could be 
classified into internal TT (within a country) and international TT (between countries). 
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5.5. Technology Transfer and Diffusion for Sustainable Construction 
Singh (2007) stated that sustainability in construction is all about “following suitable practices” 
in terms of choice of materials, their sources, construction methodologies as well as design 
philosophy so as to be able to improve performance, decrease the environmental burden of the 
project, minimize waste and be ecologically friendlier. Accordingly, TT could be considered as a 
tool to meet the requirements of sustainable construction.  
Generally, ITT can be used as a boosting mechanism for the development of industries and 
countries (Egmond, 2004). By introducing and “adapting” already existing technologies, a 
country can experience the so-called leapfrogging effect and gradually catch up (Egmond & de 
Vries, 2002). Bakar (2006) has introduced TT as a mechanism for overcoming the problems of 
the CI in DCs. Compared to industrial sectors, the construction sector may be less reliant on 
imported technology because construction technology is rather local condition-specific and 
inherited from local traditions (Milford, 2000). According to Bakar (2006), TT in industrial 
projects differs somehow from construction projects. However, both sectors undergo more or 
less similar phases in their realization. Generally, the CI is viewed as not being very innovative 
as its counterparts (Sturges, Egbu, & Bates, 1999; Carassus, 2007); whether through importing 
successful innovations from elsewhere, or by generating innovations internally (Harty, 2007). 
Additionally, the industry is perceived to be slow in adopting of technological innovations 
(Gesey, Glass, & Bouchlaghem, 2006). 
Zawdie and Langford (2000) stated that international construction firms play an important role 
as vehicles of TT in DCs by importing technical and managerial skills. Globalization has a 
significant role in TT in construction for DCs through joint ventures between local and foreign 
contractors and mandatory requiring that minimum proportions of projects be sublet to local 
firms (Zawdie & Langford, 2000; Bakar, 2006; Egmond & Erkelens, 2008). However, there is 
ample evidence of unsuccessful ITTs (Egmond, 2004) and many technological opportunities 
remain under-utilized and the diffusion of innovative technologies appears to be quite slow. 
Ofori (2000; 2006) and Hillebrandt (1999) listed TT as one of the advantages of globalization 
considering CIs of DCs despite the probably low ability of local companies to benefit from TT or 
to subsequently utilize the acquired expertise. Ofori (2000) provided some examples whereby 
TT took place as a consequence of globalization. 
Knowledge about technologies may come from different sources; customers, suppliers, 
competitors and public institutions. The dissemination of technology as new equipment and 
machinery is the most traditional type of knowledge flow in the innovation system within all 
sectors, it is also very important to the CI. Personal mobility and personal networks through 
interactions (formal or informal) are common ways for acquiring knowledge, and referred to as 
Chapter Five: Appropriate Materials and Technologies for Construction in Developing Countries:  
The Potential Role of Globalization, Innovation and Technology Transfer 101 
 
 
“tacit knowledge”. In addition, a technology can be diffused by using various mechanisms 
including: demonstration projects, professional journals, trade magazines, lectures, 
conferences, site visits and other formal (professional associations) and informal networks 
(Milford, 2000). de Bustillos (2007) reviewed the role of educational institutions in the provision 
of technology and its diffusion to the community through demonstration buildings and training 
programs. This form of TT is based on transferring knowledge from professionals to a 
community through the participation of the community itself “participatory approach”. 
5.6. The Role of Globalization in Technology Transfer in Construction in DCs 
Globalization is a trend that dominated almost most industries and professions worldwide 
recently. As far as the CI is concerned, globalization is an inescapable fact for the industry. 
Thus, the CI is becoming increasingly an internationalized industry (Winch, 2006). The CIs of 
DCs face even greater challenges than other sectors due to the wider gap between the CI in 
DCs and their counterparts in developed countries (Kumaraswamy, Lizarralde, Ofori, Styles, & 
Suraji, 2007). Therefore, the CIs of DCs have been required to review their performance, in 
terms of output and efficiency, in a globalized context (Tindiwensi, 1999). The World Bank has 
advised DCs to improve their investment environment to maximize the benefits associated with 
globalization (Ofori, 2006). Globalization has become an issue that dominates the research 
agenda for several institutes and organizations with special focus on DCs. For instance, the CIB 
Task Group 29 (TG29) is established to study the implications of globalization for the CIs of 
DCs. Ofori (2000) argues that globalization, in contrary to what is perceived, is not a one-way 
flow of exports from the industrialized countries to developing ones. Two points defend his 
argument, the first indicates that firms from industrialized countries are also active in each 
other’s markets; the “international construction market” does not only lie within t DCs. Second, 
some of the construction enterprises from DCs export their services to the international market. 
However, Bajracharya and Ofori (2004) noted that the potential of exporting construction 
services by DCs is limited to some middle-income countries (MICs) whereas low-income 
countries (LICs) are incapable of exporting major construction services other than supplying 
labor. 
The CIs of DCs tend to be dominated by foreign companies because many of the construction 
projects which the nations require for their socio-economic development are beyond the 
capability of their industries to undertake, owing to the nature of these projects in terms of size, 
novelty and complexity (Drewer, 1980). In the matrix he devised for CI in DCs, Turin (1973) 
stated that “international-large” projects which are large and complex can only be undertaken by 
foreign contractors. DCs have been advised not to consider the reliance on local contractors in 
such projects in their short-term plans for the development of their CIs (Moavenzadeh, 1978). 
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The incapability of local construction firms to undertake large and complex projects has left the 
domestic markets of DCs open for international construction firms (Zawdie & Langford, 2000). 
Thus, foreign firms are expected to play a significant role in the development of DCs (Ofori, 
2006) through completing some of the essential physical facilities and bringing new 
technologies and processes (Kumaraswamy, Lizarralde, Ofori, Styles, & Suraji, 2007). Zawdie 
and Langford (2000) argue that the internationalization of the construction business falls in the 
sake of clients by widening the scope for competition. Ofori (2006) noted that local firms will be 
driven, through globalization, to improve their performance and capabilities to be able to 
compete with foreign firms entering the market. Therefore, studying the role of international 
contractors and their role in DCs is not new (Ofori, 2000).  
Globalization provides CIs in DCs with opportunities for developing their capacities, capabilities 
and prospects for the future. Haggag (2004) stated that globalization has increased both 
technical and social knowledge and has allowed for transferring and sharing this knowledge. As 
a result of globalization, the CIs in many regions have enjoyed a larger private sector 
participation in infrastructure provision (Chege & Ebohon, 2004; Muhegi & Malongo, 2004; 
Torrance, 2004). Consequently, potentials are provided to invest available public funds in other 
development schemes. Nevertheless, globalization imposes some problems and challenges as 
well (Ofori, 2006). It forms a threat of marginalization and further lagging behind of CIs in DCs 
(Egmond, 2004) as a result of limited participation offered to local firms. Egmond and Erkelens 
(2007) noted that globalization in many DCs has become tantamount to a sustained acquisition 
of technologies from abroad, while their indigenous technological stock is marginally used. Ofori 
(2000; 2006) has demonstrated, from the literature, the debate on the role and potentials of 
globalization in TT as well as its outcome and effectiveness. He summarized the advantages 
and disadvantages of globalization in regard to CIs in DCs as demonstrated in (Table  5.3). 
Ofori (2000) and Kumaraswamy et al (2007) suggest studying the implications of globalization 
for the CIs in DCs by focusing on: cost-benefit analysis; maximizing the benefits and minimizing 
the adverse effects of globalization; the actions to be taken by the CI; and the intra-industry 
diffusion of technology and knowledge. Many writers have attempted to study the implications of 
globalization for some DCs including: Arab cities (Haggag, 2004); Nigeria (Idoro, 2004); 
Tanzania (Muhegi & Malongo, 2004) and Malaysia (Torrance, 2004). A study on the Ghanaian 
CI (Egmond & Vulink, 2007) concludes that local contractors have benefited from international 
technology and knowledge flows (ITKF) resulted from their collaboration with foreign firms. 
Bannaga (2010) has conducted the first study of its type on the role of globalization in the 
Sudanese Construction Industry (SCI) by investigating the impact of globalization on the 
Sudanese economy as a whole and on the local CI in particular. She assessed the extent of 
growth of the SCI and examined the influence of globalization over this growth process. 
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Table  5.3: Advantages and disadvantages of globalization 
Advantages Disadvantages 
- Involvement of international finance makes 
possible the implementation of several 
projects, such as those of major 
infrastructure.  
- Local construction firms have no funds or 
expertise to participate in the sponsorship of 
privatized projects.  
- Direct foreign investment in projects leads to 
increase in construction demand, creating 
work opportunities for local firms.  
- Local construction companies lack the 
technical and managerial capability to 
undertake most of the foreign-funded 
projects.  
- Competition among foreign firms lowers the 
costs of projects to developing countries.  
- It is possible that local firms will be deprived 
of the opportunity to grow. 
- Presence of large numbers of international 
firms offers scope for technology transfer and 
the development of local firms and upgrading 
of the industry. The large number of such 
firms also means that technology transfer can 
be a tool for competition.  
- Foreign construction firms may pay lip 
service to technology transfer and take 
measures to avoid it. Moreover, local 
companies may not be in a position to 
benefit from technology transfer, or to 
subsequently utilize the acquired expertise.  
Source: Ofori (2000).  
5.7. Factors Influencing the Success of Transfer of Technology in Construction 
Despite being promising, many technologies remain undersupplied and are not used in the 
market (Egmond & Erkelens, 2008). The transfer of technology is influenced by many factors 
which are categorized in three main groups, namely; technological factors, organizational 
factors and environmental factors (Liu C. C., 2007). A technology is effectively transferred if the 
receiver can use, adapt and maintain the acquired technology components on a self reliant and 
sustainable basis (Egmond & de Vries, 2002; Kumarasawamy, 2006). In this sense, Singh 
(2007) says” 
 “Architecture that encourages the folk-traditions closely related to the culture and life of 
the people as it is really lived, rather than the alienation of styles borrowed from elite 
houses or foreign cultures in the name of fashion, is sustainable”. 
Norton (1999) argues that sustainable architecture should not be defined solely as “buildings 
that will stay intact for a prolonged period”, but is also concerned with the search for and the 
promotion of building methods that people can go on using with the skills and resources 
available to them. Consequently, sustainable transfer of technology involves the adoption of 
new building technologies which work with, rather than against, local skills, materials, culture 
and climate. For a technology to be successfully diffused, it should fit the prevailing innovation 
system (distinct institutions which jointly and individually contribute to innovation) and the 
technological regime (a pattern of knowledge, rules, regulations, conventions, consensual 
expectations, assumptions, or thinking shared by the actors in the innovation system) (Egmond 
& Erkelens, 2008). 
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Cultural factors, inter alia, have been identified as determinant factors for innovation in 
construction and thus successful transfer of technology (Sturges, Egbu, & Bates, 1999). 
Whatever technology selected to be transferred to a community it should be within the capability 
of the local people to use and maintain by themselves (Hill, 1983). Datta (2000) argues that a 
technology “imported” on its own cannot provide the answer to better efficiency and quality in 
construction. He suggests sorting the culture followed by defining and improving processes to 
apply the technology which enhances these cultural and process changes. Thus, the 
participation of local community to which a particular technology is intended to be transferred is 
crucial to the success of transferring that technology (Hammond, 1983; Martin, 1983). 
 Singh (2007) has listed some examples for sustainable building technologies which have been 
developed in some specific places and time and are applied later in some other places. On the 
top come the compressed earth blocks (CEB) technology which is widely used worldwide, 
because it represents a synthesis of traditional practice and modern technology. It is also 
benefitting constantly from scientific input. The technology was used traditionally in countries 
like France, Morocco, northern India and Tibet and is today used with stabilizers in USA and 
Australia. Ferro-cement which was explored by Nervi of Italy 70 years ago is another example of 
building technologies which become commonly used worldwide. Additionally, the earth bag 
technology, which was developed by Nader Khalili, is now used in many parts of the world to 
bring low-cost, self-help, eco-friendly, disaster resistant and affordable housing to people with 
otherwise very limited resources. Not only is the potential cost of his homes cheap, but they are 
beautiful to look at and live in, as well as being very environmentally friendly and energy 
efficient. Nevertheless, Norton (1999) argues that one cannot classify a particular building 
technology as being "a sustainable architecture technology". Instead, stakeholders can assess 
the potentials of a particular process or material to make a valid contribution towards 
sustainable architecture in a given locality. 
Saad and Greenwood (2000) argue that successful TT depends on the subsequent generation 
of new knowledge (post-transfer application) and on the capabilities of the receiver of this 
application to react quickly and effectively to change. It considers the process of TT as being 
more than the handing-over of new technological hardware and focuses on the vital issue of 
learning, that is learning to select, acquire, implement, adapt and manage technology. The 
success of TT through international companies, for instance, depends on the peculiarities of the 
international firms “transferors” as on the propensity to learn of the local construction firms 
“transferees” and their responsiveness in terms of learning (Zawdie & Langford, 2000). 
Makeyna et al (1998) argue that to successfully transfer a technology, it should be 
systematically studied, modified and integrated with the indigenous one. 
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DCs can possibly build their technological capabilities of CIs by either local technology 
development or international technology transfer (Egmond & de Vries, 2002). Importantly, it 
should be noted that successful transfer of technology requires a minimum level of local 
technological capabilities in order to absorb the transferred technologies. Many researchers 
argue that the neglect of building local technological capabilities by DCs will seriously affect 
their ability to employ the imported technologies effectively and efficiently (Milford, 2000; Saad & 
Greenwood, 2000; Egmond & de Vries, 2002). 
Therefore, a substantial level of “in-house technology” and scientific and technological 
infrastructure is required for the process of successful TT (Milford, 2000; Saad & Greenwood, 
2000; Egmond & de Vries, 2002). The non-existence of technological capabilities is seen as the 
major bottleneck for the appropriate selection, utilization and development of technologies. Due 
to the lack of a strong technology infrastructure with technological capabilities, a country may 
fail to use its scarce resources efficiently (Egmond & de Vries, 2002).  
In his research on the factors affecting TT in the Malaysian CI, (Bakar, 2006) has identified four 
groups of important factors, namely: the environment of host countries, the internal 
characteristics of the “transferee”, the technology transfer program and the type of technology. 
He concluded that when TT programs and the type of transferred technologies are appropriate 
to the internal factors of firms, better performance in the technology acquisition can be achieved 
and will induce better company’s transformation performance. However, this conclusion validity 
is limited to the formal sector “firms”. Thus, the factors affecting TT to the informal sector require 
further investigation. As well, Egmond and de Vries (2002) have listed the major factors which 
affect TT on different levels (Table  5.4). 
Table  5.4: Factors influencing the success of ITT projects 
Country level 
environment 
National policies, regulations, subsidies, protection; economic situation; 
available human resources skills and knowledge; state of 
industrialization; physical infrastructure; available natural resources 
Industry level 
environment 
Market demand, supply and competition; (local) supply of raw materials 
and intermediate products; technological capabilities; technological 
infrastructure: institutional relations 
Enterprise level 
environment 
Technology status; technology needs: type, costs, time limits; enterprise 
backgrounds: type, age, location, scale; enterprise management: 
orientation, scope, targets qualitative and quantitative; enterprise 
production performance 
Technology 
level 
Products: range, type, specification, age, quality; process: type, 
complexity, age, scale of production; need for improvement 
Transfer 
agreement level 
Source of the technology; relationship between receiver and supplier; 
nature of the transferred technology; conditions and costs of the ITT; 
modality in which the technology is transferred; advantages and risks 
Source: Egmond & de Vries (2002)  
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Norton (1999) suggests the following criteria for the assessment of sustainable architecture and 
thus transferred building technologies: 
• makes substantial use of locally available materials and local means of transport; 
• uses resources that are available in sufficient quantity to satisfy a general demand and 
do not damage the environment; 
• does not depend on equipment that is not easily available; 
• uses skills that can be realistically developed in the community; 
• can be afforded within the local socio-economic context; 
• produces a durable result; 
• responds to and resists the effects of the local climate; 
• provides flexibility to adapt to local habits and needs; and 
• can be replicated by the local community. 
5.8. Problems of Technology Transfer in Construction in DCs 
Researchers have attempted to identify the barriers to TT in DCs (Kumarasawamy, 2006). 
Makeyna et al (1998) revealed that innovations in materials and technologies to be researched 
and used in DCs are not prioritized. Martin (1983) states that new technologies are very prone 
to rejection saying: 
“... instead of trying to invent ever more and different types of technologies, we should 
try to understand why existing technologies are not more widely adopted. Only when we 
understand this better we will be in a position to know whether it is the materials which is 
at fault or the method by which it is introduced”. 
(Martin, 1983, p. 292)  
The literature lists some of the problems that might probably be hindering the process of 
transferring successful technologies in construction to DCs. These barriers are manifold 
including: 
• The deficiencies of physical infrastructure (communications and transportation, energy 
and water supply networks) in many DCs (Egmond, 2004). 
• Lack of initiatives towards technology development (Egmond & de Vries, 2002) 
• The fragmentation of the industry makes it difficult for companies to share information 
and knowledge (Kumaraswamy, Lizarralde, Ofori, Styles, & Suraji, 2007) 
• The neglect of building local technological capabilities by DCs which seriously affects 
their ability to employ the imported technologies effectively and efficiently (Milford, 2000). 
• Low investment in training, education and R&D (Milford, 2000). 
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• The weakness of or even non-existent linkages between the enterprises in the CI and 
various agents. Therefore, technological capabilities building takes place on non-durable 
basis and gets easily lost when it is not further diffused and assimilated (Egmond, 2004). 
• Non-recognition of the importance of codes and standards in the innovation system 
(Milford, 2000) accompanied by lack or inappropriateness of building regulations and 
standards and the existence of a gap between legislations and implementation owing to 
institutional weaknesses (Ofori, 2006). 
• The construction sector in DCs is dominated by companies that are not interested in 
technology changes that involve risks and extra costs (du Plessis, 2002a) 
• Local firms lack the technical and managerial capacity for designing, developing, 
operating and implementing projects which avail the opportunity for TT to take place 
(Zawdie & Langford, 2000). 
• Lack of involvement of local firms in the initial phase of the project implementation which 
constitute an obstacle to learning and to the acquisition of knowledge and understanding 
(Milford, 2000). 
• Lack of understanding of what to be transferred and the difficulty of measuring 
effectiveness (Carrilo, 1994). 
• The difference in objectives of construction enterprises and host developing countries 
governments (Ofori, 2000). 
• Unwillingness of transferors to nurture potential competitors (Carrilo, 1994). 
• The tendency of foreign contractors to adopt strategies which do not support host 
countries (Ofori, 2000). 
• The socio-cultural system in DCs - the expectations, beliefs, norms, values, motives of 
the local communities - often does not comply with those of the foreign suppliers of 
technologies and knowledge. This forms a constraint for proper ITTs and may possibly 
even lead to the rejection of the transferred technologies (Egmond, 2004). 
• Some building technologies are almost invariably invented or developed outside the 
social and cultural group that will use them. Therefore, these technologies have to be 
“sold” to them, a process that aroused deep suspicions as a source of rejection itself 
(Martin, 1983). 
• Local contractors, to avoid risk and keep their reputation, are reluctant to apply and 
adopt new technologies unless these technologies are wide-spread and their 
successfulness is proven.  
• In self-help projects, the owners are reluctant to expose themselves to the risk of 
applying new technologies. In contrary, they prefer applying the traditional technologies 
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they have been practicing for decades or technologies they have tested by themselves 
even if these technologies turn to be inappropriate (Martin, 1983). 
• People are favoring tradition to new technologies because they are afraid of applying 
new technologies and are reluctant to learn (Petrovic, Vidakovic, & Dolacek, 1998). 
• Innovative materials and technologies are seldom in public sector projects (Nordberg, 
1999) 
• Lack of linkages between the informal sector construction activities and the agents in the 
formal innovation system of the CI (Egmond, 2004). 
• TT in building with local materials and building technologies (i.e., earth) is hindered by 
the association of these materials with poverty and low-socio-cultural status as a symbol 
of low societal status (Erkelens, 1983; Martin, 1983; Baiche, Osmani, Hadjri, & Chifunda, 
2008) 
• The shift towards producing the machineries and equipments used in the technology 
before the absorption of the technology itself leading to the failure of that technology 
(Ahmed A. E., 2007). 
5.9. Conclusions 
The previous part of the research demonstrated the importance of adopting appropriate 
technologies for construction in DCs. It listed factors to be considered in the choice of 
technologies and materials to be adopted and applied. This chapter generally reviewed the 
factors behind the employment of inappropriate technologies in DCs. It concluded that 
appropriate technologies for DCs are those which utilize local materials and resources. This part 
of the study highlighted the potential role globalization, innovation and technology transfer can 
possibly play in the adoption of appropriate technologies. It provided definitions for the terms 
innovation, technology and technology transfer. It provided a list of factors influencing the 
success of TT in construction. In addition, it enumerated the problems hindering successful TT 
in DCs. 
  
 
 
 
 
 
 
 
 
 
6. Chapter Six: The Construction and Building Materials Industries in 
the Sudan 
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6.1. Introduction 
The economy plays a great role in determining the demand for and supply of construction 
throughout the past decades in the Sudan. A general review of the Sudanese economy 
performance, as well as its sectors and subsectors, has been carried out in order to highlight the 
link between the economy and the demand for construction and building materials in the Sudan. 
The review is based on statistical records obtained from the Central Bureau of Statistics (CBS), 
the Ministry of Finance (MoF) and the Central Bank of Sudan (CBOS). The following chapter 
describes the general characteristics of the Sudanese economy with special focus on the 
performance of the construction sector and the building materials industry.  
6.2. Country Overview 
6.2.1. Sudan Profile 
The Republic of the Sudan1 is the largest country in Africa and the tenth country in the world, 
with a territory covering about 2,505,813 square kilometers of northeast and central Africa. The 
area represents more than 8% of Africa and about 2% of the world’s total area. Land, with a 
total area of about 2,376,000 square kilometers, represents 95% of the total area of the country; 
the rest 5% (129,813 square kilometers) is water surfaces. The country lies between latitudes 3° 
and 22° N and longitudes 21° and 39° E. Nine countries border Sudan; Egypt in the North, the 
Red Sea, Eritrea and Ethiopia in the East, Uganda, Kenya and the Democratic Republic of the 
Congo in the South and the Central African Republic, Chad and Libya in the West. The Sudan 
is a republic with a federal system of government. There are multiple levels of administration, 
with 25 States (Wilayaat) subdivided into approximately 120 localities (Mahaliyaat). The 
northern states cover most of the Sudan and include most of the urban centers. Khartoum - the 
capital and largest city - is located in the northern half of the country at the junction of the Blue 
and the White Nile Rivers (Figure  6.1). 
Sudan is situated in a tropical region; accordingly its climate ranges from equatorial in the 
southern part, Savanna in the middle to Continental in the northern part. The Eastern border is 
distinguished by Mediterranean climate with rainy winter. Temperatures do not vary greatly with 
the season at any location; the most significant climatic variables are rainfall and the length of 
the dry season. 
                                               
 
1
 The information provided here includes southern Sudan which has become an independent country 
since 9th July 2011 
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Figure  6.1: Map of the Sudan 
Source: United Nations 
Sudan has an estimated population of 42 million inhabitants (2009 estimates) with an overall 
population density of 16.9 people per km2. About 45.2% of the population is urban while 54.8% 
is rural including nomads (United Nations, 2008a). The national identity of the Sudan evolves 
multitude and complex elements including ethnic, religious and linguistic characteristics. The 
country is divided on ethnic, religious and ideological grounds into a large number of groups 
resulting in a wide range of diversification. The population of the Sudan is made up of 19 major 
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ethnic groups and over 597 subgroups speaking more than 400 languages and dialects 
(Bechtold, 1990). However, Arabic is the official language as been spoken by about 60% of the 
population (EIU, 2006). 
Two distinct major cultures dominate the country; Arab and Black African, with hundreds of 
ethnic and tribal divisions and language groups. Blacks (52%), Arabs (39%) and Beja (2%) are 
the main ethnical groups forming the Sudanese society; a mix of other different groups 
represents only 1% of the ethnical structure. Islam (70%) is the predominant religion, particularly 
in the North, while Christianity (5-10%) and animist traditional religions 20-25%are more 
prevalent in the South.  
Sudan was under a condominium rule of Britain and Egypt over the period 1899–1956. Before 
that period, some parts of Sudan were under a Turko-Egyptian rule (1824–1885). The nation 
became independent on the first of January 1956. 
6.2.2. Population and Urbanization in the Sudan 
The world's total population in 1950 was estimated at 2.5 billion, it is expected to triple by the 
year 2010 reaching 6.9 billion. The developing countries alone were inhabited by 5.45 billion in 
2007 and were expected to grow at an average annual rate of 1.19% during the period 2007-
2025. The corresponding estimates for developed countries were 1.22 billion associated with a 
growth rate of 0.16% for the same period (United Nations, 2008a). The growth rate of the world 
population for the period 1975-1990 was estimated at 1.7% per annum on average. According 
to the Sudan’s national census in 2008, the total population of the country is calculated at 39.1 
million in 2008 with a sex ratio of 1.05 men/women (CBS, 2008). The trends indicate an overall 
low population density (Appendix  2.1 & Appendix  2.2). Sudan is expected to continue its rapid 
population growth with a large percentage (47.1%) of its people under sixteen years of age. The 
population has quadrupled in sixty years where the corresponding estimates for 1950 were put 
at 9.1 million (United Nations, 2008a). The northern states, including the three state of Darfur, 
cover most of the country and include most of the urban centers. The population of northern 
states is estimated at 30.8 million representing about 71.2% of the total population (Appendix 
 2.2). The remaining 28.8% (8.2 million) is the share of the states of the south (CBS, 2008). The 
three states of Darfur- Sothern Darfur, Northern Darfur and Western Darfur – have a population 
of about 6.4 million (Appendix  2.4). The national census has reported that about 8.5 million 
(21.7%) out of the total population are originally from Darfur (Appendix  2.3). 
No doubt, the last few decades have brought a world that is far more urbanized with a much 
higher proportion lives in large cities and metropolitan areas (UNCHS, 1996). According to the 
estimates of 2010, about 50% of the World population is living in urban areas (United Nations, 
2008a). During the period from 2007 to 2050, the population living in urban areas is projected to 
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gain 3.1 billion, passing from 3.3 billion in 2007 to 6.4 billion in 2050. By midcentury the world 
urban population will likely be the same size as the world’s total population in 2004 (United 
Nations, 2008b). The least developed countries (LDCs) represent more than two third of the 
urban population in the world. The urban population of the LDCs has increased from 0.8 billion 
in 1975 to 2.3 billion in 2005 and expected to be 2.9 billion in 2015. 
The majority of the populace of the Sudan lives by mixed agricultural and pastoralism, yet, as 
elsewhere in many DCs, there has been a considerable expansion in the urban population. 
Urbanization has been accelerated in recent years by the dual effects of the war in the South 
and the drought that hit Eastern, Western and Kordofan regions during the 80s (ITDG, 1990; 
Teklu, Braun, & Zaki, 1991). Appendix  2.10 provides information about migrants received by 
different states of the country. 
Notwithstanding the decreasing rates of growth, the urban population of the Sudan is expected 
to increase continuously. The urban population of the country, as percentage of total population, 
increased from 6.8% in 1950 to 40.8% in 2005 and estimated to approach 74% by 2050 
(Appendix  2.1). The compounded growth rate of urban population, for the period 2005-2010, 
was estimated at 4.3% (United Nations, 2008a). Appendix  2.6 provides a breakdown of the 
country’s population into urban, rural and nomads during 1956-1993. Appendix  2.7 and 
Appendix  2.8 show the distribution of urban population among different regions and the size of 
main urban centers of the country during 1956-2008. The population composition of the Sudan 
seems to follow the typical trend of many DCs. Figure  6.2 demonstrates the trend of population 
growth in the Sudan in comparison to the world’s population growth by the groups of countries 
during 1950-2050. 
The inhabitants of metropolitan Khartoum, the largest city of the country (including Khartoum, 
Omdurman and Khartoum North) (Appendix  2.9), increased from 0.9 million in 1975 (United 
Nations, 2008b) to 5.2 million in 2008 (CBS, 2008) and expected to reach 7.9 million by the year 
2025. Estimates put the increment of the city population during 2010-2015 to be as high as 
3.2%. The city has been ranked the 214th, 53rd and 44th among the world’s urban 
agglomerations having 1 million inhabitants for the years 1975, 2007 and 2025 respectively 
(United Nations, 2008b). The share of the city in the total population of the country increased 
from 2% in 1950 to 13.5% in 2008. Today, Khartoum accommodates more than one fourth of 
the urban population of the country (United Nations, 2008a; CBS, 2008). The city alone includes 
around two million displaced persons from the southern war zone as well as western and 
eastern drought-affected areas. Most of the population of Darfur and Kordofan who were 
affected by the drought had settled in camps around Omdurman (Teklu, Braun, & Zaki, 1991). 
Appendix  2.9 shows the population of Khartoum and its share in the total population of the 
country.  
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Figure  6.2: Total, urban and rural population of the Sudan 1950-2050 
Source: Adapted from United Nations (2008) 
6.2.3. Civil Wars and Conflicts in the Sudan 
As been mentioned, the Sudan has two hundreds of ethnic and tribal divisions and language 
groups, which makes effective collaboration among them a major problem. Conflicts were 
inevitable results of this wide range of ethnical diversification. Sudan has been in constant 
conflicts since its independence in 1956. The two most extensive conflicts have been those 
between the North and the South, with the first civil war lasting from 1956 to 1972 and the 
second civil war from 1983 to 2005. The war in southern Sudan was the most critical to the 
Sudanese society socially, economically and politically. Reopening the wounds of war, a conflict 
broke out in Darfur in 2003 and continues to date. Other conflicts emerged in eastern Sudan, 
the Blue Nile and Southern Kordofan. All these conflicts are acknowledged to the 
marginalization of the populace of these regions by the central government. However, the most 
critical conflict was the one that took place in the South and the ongoing guerilla conflict in 
Darfur. 
6.2.3.1. The War in the Southern Sudan 
The Sudanese conflict predates the birth of modern Sudan in 1955, the year before 
independence, when a civil war began between northern and southern Sudan. In the run-up to 
the granting of Sudan's independence, the civil service and administration were placed 
increasingly in Northern Sudanese hands largely excising the Southern Sudanese from the 
government. The British failure to ensure equity for both the North and the South has brought 
lasting effects. The Southerners, anticipating independence, feared the new nation would be 
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dominated by the North. The renegation of the government on its promises to the Southerners 
to create a federal system led to a mutiny by Southern troops in the Equatoria Province. Feeling 
disenfranchised and cheated, these separatist Southerners, under the leadership of the rapidly 
expanding Anyanya2 Forces, began an initially low-intensity civil war aimed at establishing an 
independent South. This war lasted seventeen years, from 1955 to 1972 when the war ended 
with an agreement signed in Addis Ababa. The agreement granted the South qualified 
autonomy, far less than parity within a federal structure demanded by the South. 
In 1983 a new mutiny by southern officers in the city of Bor was promoted following President 
Nimeri's3 decision to divide the government of the South into three regions, and thus violating 
Addis Ababa Agreement. The situation was exacerbated in September 1983 when Nimeiri, as 
part of an Islamicization campaign, declared the incorporation and enforcement of traditional 
Islamic punishments drawn from the Islamic law “Shari’a” into the penal code. Southerners and 
other non-Muslims living in the north were also subject to these punishments. These events and 
other longstanding grievances, in part led to the resumption of the civil war that was held in 
abeyance since 1972 and the war continues again. The Sudanese People Liberation Army 
(SPLA) was formed out of officers from the mutiny in Bor. In 1989 a coup brought into power a 
military regime which intensified the war against the SPLA.  
The International community sponsored several attempts to negotiate a peace settlement 
between the two sides. The Intergovernmental Authority on Development (IGAD) sponsored 
negotiations which resulted in the agreement of the two parties – the Government and the 
Sudanese People Liberation Movement/Army (SPLM/A) - on a Declaration of Principles (DoP) 
in 1997. The DoP held that the unity of the Sudan should be given priority, provided that the 
social and political system was secular and democratic and that resources be equitably shared. 
In the absence of these principles, the South would have the right to self-determination through 
a referendum. In May 2004, after two years of negotiations (starting with the July 2002 
Machakos4 Protocol), the government and SPLA reached agreement on several major issues; 
sharing of oil revenues (50/50); the application of Islamic religious law (with exception to the 
South); and self-determination for southern Sudan (a referendum on secession to be held after 
a transitional period of six years). Sudan’s Comprehensive Peace Agreement (CPA) was signed 
on 9th January 2005 in Naivasha in Kenya, finally bringing peace between the North and the 
South for the first time in 20 years.  
                                               
 
2
 First rebels group in southern Sudan 
3
 Nimeiri: (1930-2009) Sudanese President from 25th May 1969 to 6th April 1985 
4
 A city in Kenya where peace talks between Sudanese government and SPLA took place 
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A referendum on whether the region should remain a part of Sudan or become independent 
was one of the consequences of the 2005 Naivasha Agreement between the Khartoum central 
government and the SPLM/A. According to the CPA, a separate referendum will be held for the 
region of Abyei to decide whether to join the south or to remain otherwise with the old Sudan. 
The referendum results, which took place from 9th January to 15th January 2011, were 
overwhelmingly in favor of secession with 98.83% voting for independence. The region has 
become independent since 9th July 2011 and the new country has been given the name of 
Southern Sudan. Nevertheless, the voting in Abyei has been postponed as the two parties have 
not yet agreed upon the definition and terms of referendum. A final resolution of Sudan's civil 
war could greatly help the country's economy, lead to the lifting of various sanctions against the 
country and encourage investment by foreign companies including oil companies. Thus, the 
governments of both nations are required to plan carefully for the new era which imposes new 
exigencies and different set of challenges. 
6.2.3.2. Further Conflicts: Darfur Crisis 
Darfur has become the latest chapter in the Sudan’s civil wars; the death toll is estimated at 
10,000 people according to the government estimates (Nkrumah, 2006) while the United 
Nations put the number at no less than 300,000 people and nearly a 2.5 million have been 
displaced (Save Darfur, 2008). The Darfur region in the western part of the Sudan is a 
geographically large area comprising approximately 250,000 square kilometers with an 
estimated population of 7.5 million (about 20% of the total population). Darfur borders with 
Libya, Chad and the Central African Republic. Since 1994 the region has been divided 
administratively into three states of North, South and West Darfur. 
Ecological and demographic transformations have had an impact on inter-tribal relations. Darfur 
is part of the Great Sahara region with some agricultural areas. The Drought and desertification 
of the 70s and 80s of the last century, which peaked during 1981-1984, had impacted the 
region. Indeed, the fight for scarce resources became more intense particularly between 
agriculturalists and cattle herders. Cattle herders in search of pasture and water often invaded 
the fields and orchards of the agriculturalists and this led to bloody clashes (United Nations, 
2005). The Inter-tribal conflict was further aggravated by an increased access to weapons, 
through channels with Chad and Libya in particular. Despite the attempts made by the 
government and tribal leaders for mediating these conflicts, the tensions remained (United 
Nations, 2005). 
Accusing the Sudanese government of oppressing non-Arab Sudanese in favor of Sudanese 
Arabs, two rebel groups in Darfur, the Sudan Liberation Movement/Army (SLM/A) and the 
Justice and Equality Movement (JEM) were formed in the course of 2001 and 2002. The two 
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groups claimed socio-economic and political marginalization of Darfur and its people. In 
February 2003, the rebellions took up arms against the central government in Khartoum. The 
government, at that time, had not considered the rebellion a serious military matter. 
Simultaneously, the peace talks, with the SPLM/A, were progressing rapidly and positively. 
Thus, no particular importance had been given to the deteriorating situation in Darfur. 
Additionally, the government apparently was not in possession of sufficient military resources, 
as many of its forces were still located in the South with very limited presence in Darfur. The 
government called upon local tribes to assist in the fighting against the rebels. The inter-tribal 
conflicts and the emergence of armed rebel movements, which enjoy popular support amongst 
certain tribes, have played a major role in shaping the current crisis of Darfur. 
The conflict in Darfur has complicated attempts at ending the country's larger civil war. The 
international community is looking forward to ceasing the conflict in Western Sudan sooner. 
Great efforts have been carried out by the Sudanese government with the assistance of 
neighbor and allied countries to end the new civil war in Sudan to avoid any of the results of the 
war in southern Sudan. As a result, the Sudanese government and the JEM signed a ceasefire 
agreement in February, 2010, with a tentative agreement to pursue further peace. Optimistic 
points of view consider the situation as less critical than the previous war. No doubt, if this war 
continues, it will cost the Sudanese economy as similar as the war in the South did. Such wars 
devote all the resources towards military work instead of development projects. Indeed, the 
Sudan is in need of any resources including human resources in order to recover its economy.
6.2.3.3. War Impacts 
Sudan's costly and bloody 21-year internal conflict with the SPLA and other rebel movements 
has, over the past two decades, claimed (directly or indirectly through famine) as many as two 
million Sudanese lives. The southern region has a population of around 6.4 million and a 
predominantly rural, subsistence economy. This region has been negatively affected by war for 
all but 10 years of the independence period (1956), resulting in serious neglect, lack of 
infrastructure development and major destruction and displacement. More than 2 million people 
have died and more than 4.5 million are internally displaced or become refugees as a result of 
the civil war and war-related impacts (United Nations, 2005). 
Due to this war, developmental projects were frequently suspended and some projects have 
started a long time ago without been finished yet. Construction projects suffer from the war as 
many other developmental projects (i.e. Jonglei canal). Moreover, a great portion of the 
economy output was devoted towards the military work whereby most of the funds were 
assigned for developmental and constructional projects to the war. Shifting of funds towards war 
has its observable impacts on almost all the markets in the Sudan. Construction and real estate 
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markets, as growing markets, severely suffered from the war. The equilibrium between demand 
and supply was not subject to market forces; instead it was at the mercy of the war and the 
resources available after covering the war costs. The market was reluctant to respond to the 
gap between demand and supply. 
Unorganized migration was inevitable due to the war. As al result, demand and supply were 
unpredictable making it difficult to create a well organized and planned market for real estate 
and its submarkets. Hence, investing in construction and real estate was characterized as risky. 
The role of the private sector in the construction and real estate markets was, thus, 
unrealizable. 
The same scenario is repeating itself in Darfur where 10,000-300,000 have been killed and 
more than 2.5 millions have fled their villages. According to Gueli (2007) infrastructure has an 
important role to play in development and thus the stability in post-conflict environments. 
Without post-conflict reconstruction, societies emerging from war will struggle to maintain peace 
and security and promote development. It is obvious that most of the conflicts experienced in 
the Sudanese context are attributed to inequality of development among different regions. 
Therefore, the post conflict reconstruction is crucial to the sustainability of peace in the country. 
In other words, the Sudanese Construction Industry (SCI) is required to develop and improve its 
capabilities to suit the increasing demand for construction. By doing this, the SCI can be used, 
in the first place, as a tool for avoiding further conflicts as well as for conflicts resolution. The 
government should draw considerable attention to the provision of infrastructure and human 
needs to avoid further wars and conflicts. 
6.3. The Sudanese Economy 
6.3.1. The Structure of the Sudanese Economy 
Sudan belongs to the least developed countries (LDCs) of the world (UNDP, 2008), yet it is 
unique in terms of available domestic resources. It ranks the 154th out of 169 countries with 
comparable data in the UNDP’s Human Development Index - HDI (UNDP, 2010). The annual 
growth rate of the Sudanese economy during 1975-2003 was about 2.6% on average (EIU, 
2006). According to the World Bank (2009), the Sudan comes in the 129th place among the 
world countries in terms of per capita GDP. The GDP per capita at current prices is estimated at 
$1,294 per capita which is higher by 13 folds than the corresponding estimates for 1960 ($96). 
Notwithstanding the challenges facing its economy, Sudan has experienced strong economic 
growth recently. Surprisingly, in 2006 Sudan became the 14th fastest-growing economy in terms 
of GDP growth with a rate of 11.3% which is more by 5.4% than the average (5.9%) (Economy 
Watch, 2009). The overall GDP has grown by 5.2% in 2010 compared to the 4.2% in 2009. 
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Buffeted by civil wars, political instability, unfavorable weather and terrain and 
counterproductive economic policies, Sudan’s economic structure is limited in reach (Economy 
Watch, 2008). The country’s economy depends dominantly on the agricultural sector which 
contributes about 31% to GDP and employs about 80% of the workforce (CBOS, 2009). Cotton 
and various other agricultural and forest crops (i.e., gum Arabic and sorghum) and live stock 
were the major exchange earner. However, oil production and export are altering the country’s 
economic structure and taking on greater importance since October 2000; the commencement 
of oil export. Oil accounts for 92.6% of the country’s export value (Fatal Transactions, 2008), 
and contributes 7.2% to GDP (CBOS, 2009). The construction sector has flourished in tandem 
with the increasing demand for building of oil pipelines, refineries, road infrastructure works, 
power stations and dams (Fatal Transactions, 2008). 
The industrial sector in the Sudan is essentially composed of light consumer goods industries 
involved in agricultural processing, manufacturing handicrafts, building and construction, 
electricity and water and mining. In recent years, the GIAD5 industrial complex introduced the 
assembly of small autos and trucks and some heavy military equipment such as armored 
personnel carriers.  
From the time of British colonization to date the focus of attention has been on both the central 
region where the Blue and White Niles meet at the city of Khartoum. With the exception to few 
regions, the rest of the Sudan’s wide territories have remained largely marginalized and 
neglected, including Darfur and other regions like Kordofan, the Nuba mountains, eastern 
Sudan and the South.  
The country lacks adequate infrastructure thus most of the available resources for development 
remains unexploited. The country’s transportation facilities consist of 4,578 kilometer narrow-
gauge single track rail lines (UNDP, 2010), supplemented by limited ports, river steamers and 
airways. There is no adequate national road grid that connects the country. The total length of 
roads is estimated at 20,000-25,000 kilometers (EIU, 2006) of which only 6,071 kilometers are 
paved roads and 2,846 kilometers are gravel roads. The railways system which was built during 
the colonial period desperately requires refurbishment and substantial investment for upgrading 
its capacity. Besides, the country’s inadequate power generation and supply system has been a 
major impediment to economic growth. However, considerable efforts have been made to 
increase the efficiency of the system. On the other hand, telecommunication services have 
received great attention. As a result, substantial investments have been attracted to the sector. 
                                               
 
5
 The biggest industrial complex in Sudan, established in 1993, located in Algezira State in an area of 15 
square kilometers. 
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Similar to many DCs, corruption has been a major characteristic of the Sudanese economic 
scene. Corruption fell into many principal categories; i.e., embezzlement of public funds and 
investment in the mercantile sphere. The most common ways of embezzling public funds are; 
acquiring liquid assets from banks or government agencies, selling the state's assets, selling 
state land, smuggling and provision of bank loans to businessmen whose business is fictitious. 
The weak administrative system and the regulatory framework of the Sudanese economic 
structure let the economy prone to corruption. Economic plans and policies fail to eliminate 
corruption, and thus sustainable economic development is jeopardized. The country ranks the 
127th out of 145 countries in terms of corruption perception index (CPI)6 with a score of 2.2. 
6.3.2. Economic Policies and Plans: Historical Overview 
Instability is inexorably and inextricably characterizing the performance of the Sudanese 
economy. Sudan has witnessed fluctuating pattern of economic growth which necessitated the 
introduction of economic measures to mitigate pitfalls (Abbadi & Ahmed, 2006). Since 
independence and till now, a number of economic reform plans were put under application. 
Most of those plans were not carried out properly and had not followed the time schedule set for 
their implementation. Few development projects tend to be completed on time and most 
probably fail to achieve projected outcome. The political instability has been the main reason 
behind the failure in the application of different economic plans. Since independence and till 
1990, the country had been ruled by seven regimes three of which seized power through 
military coups including the current government. Despite being the longest ruling period since 
independence (16 years), Nimeiri’s era had not witnessed political stability. Nimeiri adopted 
political orientations during his reign resulting in the resumption of the civil war in the South. 
The period 1899–1956, under the British colonial administration, saw the laying of the 
foundation of the modern economy of the Sudan (Ali & Elbadawi, 2004). Prior to the 
independence of the country, two development programs were drawn up for the periods 1946-
50 and 1951-55. Both programs were unsuccessful and had little real impact. Not until 1960 did 
the government attempt to prepare a national development plan. Since that time, many plans 
have been formulated, none of which has been carried through to completion. The first ten-year 
plan (1961-70) failed to materialize its objectives due to the lack of funds, fiscal deficit and the 
frequent inclusion of many projects other than the originally planned for. Furthermore, the 
intensification of the war in the South had adversely affected the implementation of this plan 
where the finance for development had vanished. Thus the plan was abandoned prior to its due 
                                               
 
6
 CPI score relates to the perception of the degree of corruption as seen by business people, academics, 
and risk analysts, and ranges between 10 (highly clean) and 0 (highly corrupt) 
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time. Alternatively, a new plan was prepared for the period 1968-1972. However, this plan was 
totally discarded after a military coup led by Nimeiri in May 1969. Instead, the government 
formulated, with the assistance of the Soviet Union, a new five-year plan (1970-74) adopting the 
socialists views. In March 1972, the war in the south was seized and a peace agreement was 
signed in Addis Ababa. Thus, this plan was extended through 1976 and new objectives aiming 
at the improvement of transportation and self-sufficiency in agricultural production were 
included. The plan failed to meet its prospects and extended, once more, to 1977. Then, a six- 
year plan (1977-1982) was formulated, however, the economic situation at that time hampered 
its implementation. The high rates of inflation, worldwide price rises and rising costs of finance 
put the country under a severe economic crisis as the external debt liabilities increased and 
repayment schedules were not met. Consequently, the abandonment of this six-year plan was 
inevitable.  
In 1983, the government announced a three-year public investment program, but efforts 
towards the Islamicization of the economy had impeded its implementation. The situation was 
aggravated by the mutiny of southern soldiers and officers in the Sudanese army in response to 
announcement of imposing Islamic law “Shari’a” and the war started again. Indeed, the severe 
drought of 1984 that resulted from rainfall deficits during 1981-84 (Teklu, Braun, & Zaki, 1991) 
imposed further pressure on the economy. Between 1978 and 1985, agricultural and industrial 
production had declined in per capita terms. Two reasons mainly stand for this decline; the 
droughts and accompanying famine occurred in the 1980s and the continuation of the war in 
southern Sudan (Fatal Transactions, 2008). Nevertheless, the decline in Sudan's agricultural 
and industrial production had begun before these calamities. After 1978 the GDP steadily fell so 
that the vast sums of money borrowed could not be repaid by increased productivity. The 
country found itself in a cycle of increasing debt and declining production. 
In 1987, an economic recovery program was initiated and followed by a three-year program to 
reform trade policy and regulate the exchange rate, reduce the budget deficit and subsidies and 
encourage exports and privatization. Foreign debt, which became a heavy burden on the 
shoulders of the government, continued to increase as development programs continued 
reaching more than $16 billion in 1995 (Abdelmohsin, 2002). Following the 1989 coup, the 
whole financial system was required to comply with Islamic financing principles which prohibit 
conventional interest charges. Consequently, inflation had increased dramatically to reach 3 
digits peaking at more than 130% in 1996 (Hussien, Abdel-Nabi, & Yahia, 2005) and the value 
of national currency had plummeted. This situation led to the establishment of a comprehensive 
economic reform and structural adjustment program recommended by the International 
Monetary Fund (IMF). Since 1997, Sudan has been implementing these macro-economic 
reforms which are tailed to stabilize the macro-economic environment, strengthen Sudan’s 
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external accounts and boost growth through privatization, deregulation and economy 
liberalization (EIU, 2006). As a result, the situation has ameliorated showing the effectiveness of 
the reform program as inflation has dropped significantly, the currency has stabilized, fiscal 
accounts have approached balance levels and impressive real growth has been witnessed.  
6.4. The Performance of the Sudanese Economy 
Since independence, the Sudanese economy has experienced high fluctuations in its 
performance varying from negative to positive rates of growth. The country’s economic growth 
record has been set turbulent course reflecting fluctuating pattern of growth (Abbadi & Ahmed, 
2006). Ali and Elbadawi (2004) have demonstrated the corresponding figures for growth of the 
country’s real GDP at five years intervals during the period 1960-1997. They observed that the 
period during 1975-79 enjoyed the highest growth rate (3.4%) while the lowest were witnessed 
during 1985-89 (-2.4%) the period after which GDP grew by 1% during 1990-97. The volatile 
fluctuation in the growth rates of real GDP are mainly attributed to the instability characterizing 
the political scene. 
Following the year 1996, macro-economic indicators showed signs of improvement. In addition, 
inflation rates, which peaked during 1991-95, tapered off during later years and were 
accompanied by continued decline in government expenditures compared to GDP. According to 
Abbadi and Ahmed (2006), this dramatic change in the performance of the Sudanese economy 
could be attributed to: (a) economic reforms including privatization policies and diversification of 
manufacturing sector; (b) favorable weather conditions affecting agriculture; and (c) high 
investment in the oil sector and related services. In addition to the aforementioned factors, 
mitigating the severity of some of the economic problems (i.e., high inflation rates) has 
encouraged the private sector to invest in national development projects resulting in higher 
GDP. The CPA has inevitably produced some political and economic stability which has created 
international confidence in Sudan and a better perception of the business environment. As a 
result, foreign investment and cash flows from multilateral investment and funding agencies and 
private companies have funded many domestic and foreign businesses in the country 
(Bannaga, 2010). Thus, the Sudanese economy has become more thriving, buoyant and 
promising in terms of general performance. 
The IMF has announced that the Sudanese economy has achieved satisfactory results 
indicating realization of better degrees in terms of the basic macro-economic indicators 
(Awadallah, 2010). However and despite the renaissance of the economy, most rural areas and 
national agricultural development have not directly benefited from the better economic situation 
resulting in accentuating poverty and continued rural migration (Abbadi & Ahmed, 2006).  
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Following are some of the macro-economic measures that show the general performance of the 
Sudanese economy and indicate its level of growth. 
6.4.1. The Gross Domestic Product GDP 
Gross Domestic Product (GDP) is the sum of the market value of all produced final goods and 
services in the country within a specified period of time (usually one year). Various methods are 
used for computing GDP. The Central Bank of Sudan (CBOS) adopts the Value-Added Method 
for computing GDP. The value-added approach sums the values of the final products (goods 
and services) at the current prices excluding the value of intermediate goods and services used 
in the production process. The real GDP in constant price is calculated based on the fiscal year 
1981-82 prices. 
Since 1997, the GDP has started to increase steadily as a result of the increasing productivity of 
the agricultural and industrial sectors (CBOS, 2000). The GDP growth rate stabilized during the 
followings two years before it re-fluctuated after the year 2000. The total economic productivity, 
in real terms, in the year 2000 experienced an observable positive growth which was justified by 
the large scale production of oil. The real growth rate in the mining and manufacturing sector 
jumped from 19.2% to 77.4%. The higher productivity in the manufacturing and mining sector 
was accompanied by a severe decline in the productivity of the agricultural sector which 
dropped from 8.5% to 0.8%. Since 1999 the government has relied extensively on the oil 
revenues and more attention has been drawn to this sub-sector at the cost of other sectors such 
as agriculture which experienced lower rate of growth and less contribution to the total GDP. 
Generally, oil sector was a major contributor that made obvious changes in the Sudanese 
economic map. 
The table in (Appendix  2.11) shows the gross output of the economy and its sectors in real 
terms during the period 1982-2009, the contribution of each sector to GDP is shown in 
(Appendix  2.12) while the growth of the economy and its sectors is demonstrated in (Appendix 
 2.13). Figure  6.3, Figure  6.4 and Figure  6.5 below graphically demonstrate the performance of 
selected sectors during the same period. 
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Figure  6.3: GDP and the output of selected sectors of the Sudanese economy during 
(1982-2009) at constant market prices (base year 1981/1982) 
Source: adapted from CBS (2009b) and CBOS (1994-2009)
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Figure  6.4: Share of economic sectors as percentage of GDP in the Sudan during 1982-
2009 (base year 1981/1982) 
Source: adapted from CBS (2009b) and CBOS (1994-2009)
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Figure  6.5: Real growth of total GDP and selected sectors of the Sudanese economy 
during 1982-2009 (base year 1981/1982) 
Source: adapted from CBS (2009b) and CBOS (1994-2009)
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6.4.2. Inflation rate 
Sudan, as many developing countries, suffers high inflation rates and instable inflation records. 
Inflation rate was neither stable nor predictable during the 1990s for many reasons including: 
lack of clear and efficient economic plans; interruptions of economic plans prior to completion; 
and changing economic policies from time to time. According to the Economist Intelligence Unit 
(2006), the monetization of the government’s budget deficit created severe inflationary 
pressures for much of the 1990s. Figure  6.6 demonstrates the volatility of the inflation rates 
escalation in the Sudan during 1982-2009. By the year 1986, the inflation rate started a 
consistent increase reaching a peak of 130% in 1996. Since 1997 inflation rate has experienced 
a dramatic decrease; it dropped from 46.5% in 1997 to 17.4% in 1998 (Table  6.1). From 1998 
onwards, inflation has been relatively stabilized. Reform programs focusing on macro-economic 
and price stabilization as tailed by the IMF contributed significantly to the stabilization of inflation 
rate (Abbadi & Ahmed, 2006). Economic performance has showed relative stability during the 
last ten years. However, in 2008 and 2009 the inflation rate had increased slightly in 
comparison to the years before. The recent increase in inflation rate is partially attributed to the 
economic crisis which has affected almost all the economies of the world.  
Table  6.1: Inflation rates in the Sudan 1982-2009 
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Figure  6.6: Inflation rates 1982-2009 
 Source: Hussien et al (2005) & CBOS (2004-2009) 
6.4.3. Exchange rate 
The Sudanese economy, in order to fulfill its development programs, started borrowing from 
foreign countries since the beginning of 1970s. The inability of the Sudanese governments to 
pay the country’s debts allowed the International Monetary Fund (IMF) to interfere in Sudanese 
policies in 1978. Consequently, devaluating the Sudanese currency against the hard currencies 
was enforced. Upon the continuation of devaluation, the Sudanese Pound deteriorated against 
hard currencies (Abdelmohsin, 2002). Figure  6.7 illustrates the trend line of the exchange rate 
Year Rate Year Rate Year Rate 
1982 27.0% 1992 119.0% 2001 5.0% 
1983 31.0% 1993 101.0% 2002 7.0% 
1984 32.0% 1994 120.0% 2003 8.1% 
1985 46.0% 1995 69.0% 2004 8.7% 
1986 29.0% 1996 130.0% 2005 8.4% 
1987 24.0% 1997 47.0% 2006 7.2% 
1988 49.0% 1998 17.0% 2007 8.1% 
1989 74.0% 1999 16.0% 2008 14.3% 
1990 67.0% 2000 8.0% 2009 11.2% 
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of the Sudanese Pound against the U.S. Dollar during 1982-2009. The big jump in the 
exchange rate during the 1990s was a consequence of the liberalization of the economy. The 
exchange rate of the Sudanese Pound against the U.S. Dollar increased from 0.0045 in 1987 to 
2.37 in 1997 (Table  6.2). By the year 1999, the economy recorded its first trade surplus, which, 
along with the monetary policy, has stabilized the exchange rate (Bannaga, 2010). The stability 
of the currency, which was effectively pegged between 1999 and 2004, and actually 
strengthened in 2005, has also curbed prices growth (EIU, 2006). The appreciation of the 
currency continued during 2006 and 2007 reaching a rate of as low as 2.013. Similar to inflation, 
exchange rates experienced an increase in the years 2008 and 2009 as a result of the global 
financial crisis. 
Table  6.2: Exchange rates in the Sudan 1982-2009 
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Figure  6.7: Exchange Rates 1982-2009 
Source: Hussien et al (2005) & CBOS (2004-2009) 
6.4.4. Economic Sectors and Subsectors Performance 
6.4.4.1. Agriculture 
Being an agricultural-dependent economy, the Sudanese economy performance is subject to 
the agricultural sector output and productivity. The agricultural sector is a key supplier of raw 
materials for many local industries. The majority of industries procure their intermediate goods 
from the agricultural sector (CBOS, 2001). The sector is considered the main source of 
economic growth and contributes to the livelihood of the majority of the population employing 
about 80% of the country’s population (CBOS, 2009), though on a subsistence basis 
(Schumann, 1990). The sector was also providing about 80% of the country's exports until the 
oil industry came on stream (EIU, 2006). The agricultural resources in the Sudan are 
characterized by diversity ranging from forests, swamp-lands, crop-lands, grazing-lands, 
livestock and water surfaces for fisheries (Abbadi & Ahmed, 2006). However, about 20% only of 
the potential arable land is currently cultivated (CBOS, 2009).  
Year Rate Year Rate Year Rate 
1982 0.0009 1992 0.0150 2001 2.6223 
1983 0.0013 1993 0.1320 2002 2.6618 
1984 0.0013 1994 0.2160 2003 2.6082 
1985 0.0025 1995 0.4000 2004 2.5826 
1986 0.0025 1996 0.8380 2005 2.307 
1987 0.0045 1997 1.4600 2006 2.171 
1988 0.0045 1998 1.7120 2007 2.013 
1989 0.0045 1999 2.3700 2008 2.184 
1990 0.0045 2000 2.3800 2009 2.288 
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Agricultural contribution to GDP, which was estimated at 37% in the early 1980s, witnessed a 
decline to 29% by the end of 1980s and early 1990s due to severe droughts and government 
policies that adversely affected its performance (Abbadi & Ahmed, 2006). The reliance of a 
large percentage of the population on subsistence agriculture is responsible for the stagnation 
of the economy, despite rapid increase in Sudan’s average per capita income (Economy Watch, 
2008). The sector problems have been exacerbated by the privatization of some services and 
the declining credit provision to the sector as a result of the inability of repaying loans (EIU, 
2006). However, the sector experienced a renaissance by the end of 1990s, as agriculture 
contribution to GDP accounted for 39.1% in 1997 (Appendix  2.12).  
According to (Appendix  2.13), the agricultural sector witnessed an appreciable growth rate from 
being negative during 1983-1991 with an average of - 0.1% per annum to a positive growth rate 
of 11.6% per annum during the period of 1992-99. The highest rate of growth ever been 
witnessed was in 1996 (44.6%). Then, the sector’s growth declined to an average of 5.3% 
during the period from 2000- 2009 with negative growth rates of -1% and -2% for the years 
2002 and 2004 respectively. The share of the sector to GDP reveals the significance of the 
sector highlighting its importance to the future development of the country. 
6.4.4.2. Mining and Quarrying 
The sector is one of the four subsectors of the industrial sector which includes beside the mining 
and quarrying subsector the manufacturing and hand-crafts, electricity and water, and building 
and construction subsectors. The industrial sector ranks second after the agricultural sector in 
terms of importance to the total economy. It attracted about $ 5162 million for investment in 
2006 which is higher by 145% than the corresponding amount invested in 2005 (Ministry of 
Industry, 2008). Generally the share of the industrial sector in the total GDP has increased 
rapidly since 1999 as oil started to be produced and exported on a large scale. Prior to the 
massive production of oil (1982-1998), the contribution of the industrial sector with all its 
subsectors, including petroleum, accounted for 15.3%. Most of this contribution was attributed 
to the manufacturing sector with 8.8%. Appendix  2.11, Appendix  2.12 and Appendix  2.13 show 
the performance of the industrial sector performance – categorized by its subsectors - in terms 
of gross output, share in GDP and annual growth during 1982-2009. The industrial sector 
shared about 47%-89% of the total national investments and 9% - 58% of the total foreign 
investments made during 2005-2009 (Ministry of Industry, 2010).
The mining and quarrying sector has become one of the most important components of the 
Sudanese economy. The share of the sector was almost zero (0.1%). Since 1999 and onwards 
to 2009, the contribution of the industrial sector to GDP increased to 21.4% on average. The 
increase was acknowledged to the quarrying and mining subsector with an average share in 
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GDP of 6.5% during the same period. Although Sudan is reputed to have great mineral 
resources, exploration has been quite limited and the country’s real potential is unknown. Small 
quantities of asbestos, chromium and mica are exploited commercially. It is only recently that 
the production of some mineral commodities has appeared in the economic scene; gypsum in 
1997, marble in 2001 and steel in 2001 (USGS, 2003) (see Table  6.3). Figure  6.3, Figure  6.4 
and Figure  6.5 demonstrate the performance of the mining and quarrying sector, its share in 
GDP and its annual growth rates during 1982-2009.  
Oil exploration started in 1959 when Italy’s Agip oil company was granted offshore concessions 
in the Red Sea area in the north-east of the country. Extensive petroleum exploration began in 
the mid-1970s, however, the massive production of oil only started in 2000 (Fatal Transactions, 
2008). There are indications of significant potential reserves of oil and natural gas in southern 
Sudan, Kordofan region and the Red Sea State (EIU, 2006). Table  6.4 shows the increasing 
share of oil production in the Sudan during the last 20 years. Oil exports increased from zero 
level in 1998 to reach US $276 million in 1999 accounting for 35% of overall export earnings. In 
year 2004, the value of oil export reached US $3.097 billion accounting for 81% of exports value 
(Abbadi & Ahmed, 2006). Oil in the Sudan accounts for about 92.6% of the country’s export 
revenues. According to (USGS, 2003), the country’s crude oil production almost doubled, 
making it Africa’s fifth producer with more than 434.000 barrel per day by late 2006. The 
production of crude petroleum increased from 730,000 barrels in 1995 to 274,000,000 barrels in 
2007 and was expected to reach 290,000,000 barrels by 2009 (Table  6.4). The share of 
Sudanese production of oil in the total production of Africa increased from 0.03% in 1995 to 
6.3% in 2007.  
The oil production has triggered a boom in the mining and quarrying sector as well as in the 
whole economy (Figure  6.3). Oil production and exports have resulted in reducing Sudan’s 
outflow of foreign exchange for imported petroleum products (Figure  6.8). The subsector has 
attracted substantial foreign capital to the country. Sudan’s three biggest investors are China, 
Malaysia and India. Arab investments surged between 2001 and 2005 by 15 times to $2.3 
billion. The increasing investment after signing the CPA in 2005 is remarkable. In contrary to the 
Asian investments, Arab investments, in particular Saudi Arabia, Kuwait, Qatar and the United 
Emirates cover the full spectra of Sudan’s economy, oil of course, but also telecommunication, 
agriculture, industry, construction, transport and banking sectors (Fatal Transactions, 2008). 
Oil, following its massive production and exportation, stood at the center of warfare in the South. 
Thus, with most of its producing oilfields located in the South of the country, the management of 
the oil industry is a key factor that will determine the future of the country (Fatal Transactions, 
2008).  
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Table  6.3: Production of Selected Mineral Commodities and per capita production in the 
Sudan (1990-2008) 
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1990 23,079 7,905 408 0.018 167,000 0.007 NA NA NA NA NA NA NA NA
1991 23,780 8,498 590 0.025 170,000 0.007 NA NA NA NA NA NA NA NA
1992 24,495 9,057 337 0.014 250,000 0.010 NA NA NA NA 110 0.000 NA NA
1993 25,222 9,471 445 0.018 250,000 0.010 NA NA NA NA 360 0.000 NA NA
1994 25,961 9,566 478 0.018 250,000 0.010 NA NA NA NA 730 0.000 NA NA
1995 26,688 10,140 506 0.019 391,000 0.015 NA NA NA NA 730 0.000 NA NA
1996 27,875 11,312 215 0.008 380,000 0.014 NA NA NA NA 1,000 0.000 NA NA
1997 28,627 11,998 230 0.008 275,600 0.010 4,000 0.000 NA NA 2,000 0.000 NA NA
1998 29,496 12,986 601 0.020 197,800 0.007 3,000 0.000 NA NA 1,200 0.000 NA NA
1999 30,326 13,536 376 0.012 230,600 0.008 11,144 0.000 NA NA 17,120 0.001 NA NA
2000 31,081 14,672 283 0.009 145,800 0.005 13,808 0.000 NA NA 67,152 0.002 NA NA
2001 31,913 16,256 370 0.012 189,500 0.006 2,422 0.000 15,500 0.000 77,755 0.002 42,785 0.001
2002 32,769 17,232 390 0.012 190,000 0.006 2,400 0.000 22,000 0.001 87,759 0.003 53,035 0.002
2003 33,648 18,316 418 0.012 271,900 0.008 13,304 0.000 23,000 0.001 98,500 0.003 63,936 0.002
2004 34,512 19,257 524 0.015 307,100 0.009 11,000 0.000 24,000 0.001 111,000 0.003 35,740 0.001
2005 35,397 20,344 628 0.018 331,200 0.009 9,000 0.000 24,000 0.001 126,000 0.004 67,015 0.002
2006 36,307 22,353 690 0.019 202,200 0.006 7,000 0.000 26,000 0.001 158,000 0.004 67,000 0.002
2007 37,270 24,156 749 0.020 326,200 0.009 7,974 0.000 26,000 0.001 176,574 0.005 67,000 0.002
2008 39,145 26,032 811 0.021 330,000 0.008 8,000 0.000 26,000 0.001 168,898 0.004 67,000 0.002
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Table  6.4: Crude petroleum production in the Sudan and African Countries 1990-2009 
Year 1990 1995 2000 2003 2005 2007 2009
Output of Sudan (000's 42-
gallon barrels) -- 730 67,152 110,000 183,000 274,000 290,000
Rate of Growth (%) -- 100.0% 98.9% 39.0% 39.9% 33.2% 5.5%
Total Output of Africa (000's
42-gallon barrels) 2,370,000 2,540,000 2,770,000 2,920,000 4,060,000 4,350,000 4,470,000
Share of Sudan -- 0.03% 2.4% 3.8% 4.5% 6.3% 6.5%
 
Source: USGS (1994-2008) 
Figure  6.8: Sudan's Oil Production and Consumption 1980-2005 
Source: ECOS (2007) 
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6.4.4.3. Manufacturing 
About 9.5% of the total economic output of the country is acknowledged to this sector. The 
share of the industrial sector in both the income from the imports fees and value added tax 
represents about 15% (Ministry of Industry, 2008). The manufacturing sector showed poor 
growth over much of the 1990s constrained by shortages in investment, trained personnel, raw 
materials and foreign exchange for the import of essential intermediate inputs (EIU, 2006). The 
average growth rate of the sector’s output during the period 1982-1998 accounted for 5.5% per 
annum on average. The corresponding estimates for the period 1999-2009 were 8.9%. The 
highest rate of growth ever enjoyed was in the year 1996 (36.6%) whereas the lowest rate of 
growth was in 1990 (-11.3%). The growth experienced by the mid 1990s could possibly be 
attributed to the macro-economic reform programs and the stabilization of macro-economic 
indicators including inflation and exchange rates. 
Between 1995 and 1997 the contribution of this sector to GDP increased as a consequence of 
fixing and maintaining main national factories like sugar manufacturing and cement factories as 
was recommended by the National Comprehensive Strategy 1992-2002 (CSS, 1992). 
Moreover, the economic strategy during that period subsidized the sector, and the privatization 
policy made some firms more profitable than being public entities. Some of the economic and 
investment policies such as reduction of taxes, customs and production fees have contributed 
significantly to the growth of the industrial sector in general. The contribution of the 
manufacturing sector to GDP ranged between 7.4% and 8.5% during the period from 2005 to 
2009 (Ministry of Industry, 2010). 
According to the industrial survey conducted by the Ministry of Industry (2005), 70% of the 
industrial activities in the country are on food processing concentrating in three states, namely: 
Khartoum, El-Gazeria and Darfur. The food processing industry employs about 57% of the total 
workforce in the manufacturing sector. The most successful industry is the sugar refining. 
Despite repeated government claims that it is on the verge of revival, the textile sector has 
continued to languish (EIU, 2006). The cement industry is passing through a buoyant era where 
its production increased noticeably by 152% from 246.5 tons in 2008 to 621.7 in 2009 (CBOS 
2009). By the beginning of 2011 four new factories were established with a total production of 
six million tons per year. Most of these factories are financed through foreign investment from, 
Kuwait, Iraq and Egypt. Figure  6.3, Figure  6.4 and Figure  6.5 demonstrate the performance of 
the manufacturing sector, its share in GDP and its annual growth rates during 1982-2009.  
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6.4.4.4. Water and Electricity 
This sector remains to be one of the most problematic sectors in the country and is believed to 
be one of the main impediments to the nation’s development. Despite the considerable efforts 
made to raise the capacity of the sector, its potentials remain far below the required level. 
According to the UNDP (2010), about 65.3% of the country’s population is not provided with 
electricity and about 43% does not have access to potable water. The share of the sector in the 
total GDP accounts for about 1.8% on average. The corresponding figures for the years 1982 
and 2009 were 1.1% and 2.4% respectively. The overall production of national water 
corporation increased from 3,124 thousand cubic meters per day in 2008 to 3,278 thousand 
cubic meters per day in 2009, by 4.9%. The total power generated increased from 5,506.4 gega 
watt/hr in 2008 to 6,372 gega watt/hr in 2009, by 15.7%. About 50% of the total power 
generation is contributed to hydroelectric generation (CBOS, 2009). The average growth rate of 
the sector’s economic output for the period 1982-2009 was 9.5% with years of high positive 
growth rates (49.5% and 67.4% in 1996 and 2004 respectively) and years of negative rate of 
growth (-17.7% in 2000). The statistics regarding the performance of the sector during 1982-
2009 are shown in Appendix  2.11, Appendix  2.12 and Appendix  2.13. Figure  6.3, Figure  6.4 and 
Figure  6.5 illustrate – graphically – the performance of the sector during the same period. 
6.4.4.5. Building and Construction 
Sudan continued to witness a dynamic construction activity as a result of infrastructure 
rehabilitation and the increased demand upon private and business property (Bank Audi, 2008). 
No doubt that the performance of all the markets and submarkets in the construction industry is 
subject to the goodness or badness of the general economy performance in that market 
boundaries. As highlighted in chapter ( 2), a direct link between main macro-economic indicators 
and construction activity exists. The real growth of the sector’s output was either negative or 
near to zero till the mid 1990s, it had a positive value in 1997. The highest rate of growth the 
sector ever enjoyed was as high as 161.4% in 1998. Generally, the pattern of growth of the 
construction sector’s output in the Sudan is highly fluctuating. Following the year 2005, the 
sector has maintained its growth with only marginal changes. Figure  6.3 and Figure  6.5 show 
the volatility of construction output and its growth in the Sudan during 1982-2009. The shift from 
negative to positive rates of growth was a result of the national development projects executed 
at that time such as national roads, bridges housing projects and redeveloping of some projects 
and infrastructure. Moreover, the provision of infrastructure for oil production contributed 
significantly to the growth of the construction sector in the country.  
Despite the growth that the construction sector enjoyed during 1995-2003, the share of the 
sector to GDP showed a decreasing pattern. The share of construction as percentage of GDP 
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averaged at 4.7% during 1982-1998 whereas it accounted for 2.7% during 1999-2009 
(Appendix  2.12). The contribution of other growing sectors (manufacturing and mining) to GDP 
was greater than what the construction sector did. The oil sector share in GDP was relatively 
high resulting in the reduction of other sectors shares. However, the output of the construction 
sector has increased consistently since 1999. The increase in the amount spent on construction 
was, mainly, triggered by oil production and setting the infrastructure for oil production. The 
sector’s output grew, in real terms, by about 10.8% on average during 1982-2009 (Appendix 
 2.13). The amount of construction work executed by the Roads and Bridges National Authority 
(RBNA) and the Dams Implementation Units (DIU) during 2006-2008 are depicted in (Appendix 
 2.18). The statistics regarding the performance of the sector during 1982-2009 are shown in 
Appendix  2.11, Appendix  2.12 and Appendix  2.13. Figure  6.3, Figure  6.4 and Figure  6.5
illustrate – graphically – the performance of the sector during the same period. 
6.5. The structure of the Sudanese Construction Industry and Building 
Materials Industry 
The construction industry is, by nature, fragmented and diverse covering a wide spectrum of 
projects and involving multitude activities. The construction projects range from mega projects 
(i.e., dams, airports, harbor…etc) to a single house construction. Generally, the CIs of DCs 
suffer from the lack of effective communication and coordination between the industry 
stakeholders, the Sudan is not an exception. The SCI is working in a highly fragmented manner 
lacking a central body that brings all the stakeholders of the industry together. Notwithstanding 
the existence of several councils, institutes, and unions which are concerned with the 
development of the CI, no single body brings these entities together. Each of these bodies plays 
in isolation lacking effective coordination and collaborative work with its counterparts. 
Most frequently, the construction projects are procured either through competitive tendering - 
especially for the projects of the public and business sectors - or by directly retaining a 
professional to prepare a design that fulfills the client’s needs. Similar to many other DCs, the 
lowest-bid tendering approach is the most common way of awarding a project to contractors. 
This approach opens the door for corruption and affects both the quality and time span of 
projects. It is quite common that contractors, guided by the intention to win contracts, provide 
prices lower than actual prices. Such an attitude frequently results in compromising the quality 
of the executed work or delaying projects for long periods of time. 
Basically, designs should meet the requirements of the local authorities which approve the 
architectural, structural, as well as services drawings. The architectural/structural drawings 
should be initiated by registered architects/civil engineer. Whereas, electrical services, water 
supply and drainage and sanitation drawings should be initiated by either a specialized 
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registered engineer (for commercial administrative, office, industrial buildings projects) or by 
registered architect (for individual houses designs). Normally, local authorities’ approval is 
required prior to the commencement of construction. In many cases, however, construction had 
started before approvals are granted. 
The Engineering Council (EC) is responsible for registering architects and engineers, 
technicians as well as skilled labor. Special requirements are to be met for each class of 
registration. All contractors willing to be qualified for executing construction projects should be 
officially registered. The Contractors Union (CU) used to take responsibility of registering 
contractors. However, the Organizing Council for Engineering Works Contractors (OCEWC), 
established in 2003 and became active in 2010, has taken responsibility of the registration and 
classification of contractors. On the other hand, all consultancy firms should be registered under 
the umbrella of the Organizing Council for Consultancy Firms, established in 1999. Both entities 
lack the mechanism of updating their database and records. For instance, 118 companies are 
registered at the OCCF, only 75 companies were found to be active. The CU records include 
more than 1460 companies most of which are inactive. The Sudanese Institute of Architects 
(SIA) provides a list of only 31 consultant companies. The insufficiency of reliable information 
makes any attempts for developing the industry and improving its performance more like writing 
on water.  
In 2010, the National Fund for Housing and Reconstruction (NFHR) conducted, under the direct 
supervision of the author, a survey on the active firms in the fields of consultancy and 
contracting services, real estate investment and building materials manufacturing and supply. 
The purpose of the survey was to establish an up-to-date database for the active firms in the 
construction sector. The survey targeted all the companies registered with the OCCF, CU, and 
SIA. There were no official lists for the companies working in the fields of real estate investment 
and BMs manufacturing and supply. Thus, the survey depended on many sources to approach 
these companies (i.e., Ministry of Industry, Ministry of Investment, commercial 
advertisements…etc). 
From a total of 118 registered consultancy companies, 86 companies (72.9%) were reachable 
whereas only 249 companies (17%) of the contracting companies were accessible. The overall 
response rate was quite high (94.9%) with 95.3% and 94.8% response rates for consultancy 
and construction firms respectively. Two companies (2.3%) of the consultancy firms indicated 
their irrelevance to the field in comparison to 11 construction companies (4.4%). About five 
(5.8%) of the companies registered at the OCCF were found to be liquidated against 27 (10.8%) 
of the construction companies. Eleven (4.4%) of the construction companies reported the freeze 
of their activities. The majority of companies working in the consultancy and contracting fields 
were established after 1990 with percentages of 62.7% and 84.5% for both fields respectively. 
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Furthermore, 25% of the consultancy firms were founded during the period from 1980-1989. 
Surprisingly, all the companies that are specialized in the field of real estate investment are 
established between 1980 and 2010. Most of the companies covered by the survey (54.9%) did 
not provide information about their capital. The majority companies approached do not 
substantially invest in construction. According to the survey, 91.3% of the companies are 
located in Khartoum, followed by 5.5% in Khartoum North, 2.2% in Omdurman and 1.1% in 
other states. Additionally, 8.7% of the companies have branches either locally, regionally, or 
internationally. 4.4% of the companies were found to be international firms, while 13.8% were 
local/international firms. The private sector owns most of the companies (94.2%), the public 
sector owns 3.3% of the companies while 1.8% is formed as public-private partnership (PPP). 
This implies the importance of the private sector to the SCI and the role it can possibly play in 
the development of the industry. The management responsibilities of most companies are 
undertaken by engineers with university degrees. However, many construction companies are 
owned and/or run by cadres with educational backgrounds other than architecture or 
engineering. None of the consultancy firms appears to be managed by holders of technical 
diploma. About 30% of the managers performed postgraduate studies and had experience of 
more than 25 years. The average of years of experience of consultancy firms’ managers 
appears to be higher than that of the managers of construction companies with an average of 
30 and 22.2 years of experience respectively. Indeed, the knowledge, skills, potentials and 
experience those managers acquire influence the future prospects for the development of their 
firms as well as the whole industry. The above mentioned figures reveal, to some extent, that 
the field of consultancy services appears to be more mature and well-organized in comparison 
to the contracting services field. Thus, the perception, that most of the problems of the SCI lie 
within the contracting sector, seems to be fostered. 
The workforce of the construction sector faces more challenges than those faced by 
professionals. In the Sudan, as in many DCs, it is perceived that construction is a field of work 
for those who are incapable of being involved in other fields. Thus, the majority of the labor 
force in the construction sector is unskilled rural migratory. The construction workers lack 
adequate education and training. Thus, a gap in communication between professionals and 
construction workers frequently exists. This situation is aggravated by the absence of some 
construction cadres such as foremen and site supervisors with the exception to big projects. 
The SBMI, on the other hand, lacks vision for development except for some massive industries 
(i.e., cement, steel, ceramic, paints...etc). The Sudanese Standards and Metrology Organization 
(SSMO) is the governmental authority responsible for assuring the quality of BMs. However, its 
comprehensive role is limited to very few products such as cement and steel. Traditional LBMs 
including brick, sand, gravel lack quality assurance measures. The majority of traditional LBMs 
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are produced in an unorganized manner. The prices of key BMs (i.e., cement and steel) are 
controlled by a lobby of businessmen. The government plays no effective role in stabilizing the 
fluctuating prices of BMs and components. On contrary, it contributes to the increasing level of 
prices through the fees and taxes it imposes on the production, importation and transportation 
of materials. The majority of BMs production facilities are located in the northern states. 
Production facilities for cement, steel, aluminum, ceramic tiles, refractory brick and paints work 
under the umbrella of the Ministry of Industry. While the extraction of sand, gravel and stones in 
major cities are supervised by the Ministry of Mining. 
Both industries, in order to develop progressively, need to be restructured and organized to 
maintain effective coordination between different actors. The government has to intervene 
through legislations and direct involvement for the purpose of developing both industries and 
improving their performance. Consequently, it will be possible for the CI to play its ultimate role 
in development in sustainable manner, and thus to take its due place in the economy. 
6.6. The Economic Significance of the Sudanese Construction and Building 
Materials Industries 
The construction as an economic sector, in the Sudan, lacks a published definition (Bannaga, 
2010) which shows what is included and/or excluded in reporting its output. Statistics on the 
sector’s output are provided in the annual reports published by the Central Bank (CBOS) as 
developed by the Ministry of Finance and the Central Bureau of Statistics (CBS). The CBOS 
reports limit the data about the sector’s performance to its gross output, contribution to GDP and 
growth rates. The CBS publications only report the construction and rehabilitation projects 
executed by: the Roads and Bridges National Authority (RBNA), General Corporation for 
Irrigation and Earth Moving Works (GCIEMW) and Dams Implementation Unit (DIU). The 
construction sector’s data reveal neither the amount nor the value of construction activities other 
than the aforementioned. According to the World Bank (1981), major civil works projects 
account for about half of the modern sector, and only about one-third of that work is performed 
by local firms. Residential and public sector buildings, on the other hand, account for the 
remaining half of the modern sector output. The information about executed projects for 
infrastructure (i.e. water supply, electricity, communication) is not available. No single entity is 
known to be responsible for reporting the value of constructed buildings. Most of the formal 
sector activities are not reported let alone the informal sector. Thus, the role of construction in 
the Sudanese economy is probably more than what is demonstrated by statistics and reports. 
Additionally, the annual reports do not state the share of construction in the GFCF.  
Regardless to its real boundaries, construction contributes to the total GDP of the Sudan by 
about 4%. The highest share of construction as percentage of GDP was witnessed in 1991 
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(6.9%). The lowest share (1.9%) was experienced in 1996, 1997 and 2000. It is quite obvious 
that agriculture, mining and quarrying, manufacturing, electricity and water as well as transport 
and telecommunication involve substantial construction activities. If the construction activities 
incorporated into other sectors of the economy are accounted for, the sector’s share in GDP will 
be much higher. A report by the World Bank (2011) reveals that recent improvements in 
infrastructure in all parts of the Sudan have had a strong impact on per capita growth, 
contributing 1.7 percentage points. The report suggests that raising the infrastructure 
endowment of all parts of the Sudan to that of the region’s best performer, Mauritius, could 
boost annual growth by about 3.5 percentage points. 
The growth of construction output per capita is following the same trend of the construction 
output growth. Nevertheless, the construction output per capita is growing slower as the 
population is growing faster than construction output. Table  6.5 provides information about the 
country’s population as well as the growth of the total economy output and the construction 
sector output during 1982-2009. It also demonstrates the calculated GDP per capita and 
construction output per capita during the same period. 
Estimates put the share of construction employment at 3.5% of the total workforce. The CBS 
estimates put the total number of construction workers at only 215,688 out of 6,000,268 workers 
(Bannaga, 2010). The records and statistics on the employment do not report, either explicitly or 
implicitly, the size of the workforce in the construction sector. Only, foreign workers are 
registered and their number is known. The exclusion of the construction employment from 
registration is attributed to the nature and structure of the SCI which depends mostly on the 
informal sector in the majority of its activities. Commonly, workers do not have to register, and 
consequently lack a body that stands for their rights and development. The sector is 
characterized by the high mobility of its labor. Workers are usually self-employed, recruited on 
per job basis and paid on daily basis. The construction sector provides work opportunities for 
unskilled migrants. Thus, the role of the construction sector in terms of employment provision is 
believed to be quiet significant. 
On the other hand, it is quite difficult to assess the role of the SBMI in the economy of the 
Sudan. Unlike the construction sector, the output of the SBMI never appears in the national 
statistics and/or reports. Only some information about the output of some industries is reported. 
However, these reports are not provided regularly or at specified time intervals. The information 
provided about the extraction and manufacturing of BMs is mainly limited to cement and few 
reports on lime, gypsum, ceramic, bricks, glass, stones.  
The Ministry of Industry (2005) conducted a comprehensive survey devoting a considerable part 
to some industries producing BMs. The survey covered the following industries: cement, lime, 
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and gypsum; sanitary fittings and fibers; ceramic and marseille tiles; brick (clay and refractory); 
cement products; glass; and structural and decorative stones. According to the survey, the 
SBMI contributes to the total output of manufacturing by 1.66%, shares 2.51% of value added 
by manufacturing and employs about 14,975 persons who are paid about 6.38% of the total 
wages of the manufacturing sector. The share of the SBMI in GDP accounts for 0.238%. These 
figures reveal the insignificant role the SBMI plays in the Sudanese economy. Employment in 
the SBMI - in the transport, stock, and distribution of BMs and other ancillary operations 
connected with construction - does not appear in national data series (Hassan, 2008). The 
SBMI is ranked the 3rd in terms of number of active manufacturing facilities with 1542 production 
facilities (6.4%). It noteworthy, most of the production facilities are located in Khartoum state 
and few northern states. 
Table  6.5: Population, GDP and Construction Output (1982-2009) 
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1982 19,829 7,040.0 - 0.355 - 381.9 - 0.019 -
1983 20,210 7,185.2 2.1% 0.356 0.1% 450.8 18.0% 0.022 15.8%
1984 20,530 6,825.3 -5.0% 0.332 -6.5% 378.8 -16.0% 0.018 -17.3%
1985 20,882 6,396.6 -6.3% 0.306 -7.9% 350.7 -7.4% 0.017 -9.0%
1986 21,085 6,742.9 5.4% 0.320 4.4% 305.3 -12.9% 0.014 -13.8%
1987 21,290 7,701.8 14.2% 0.362 13.1% 367.7 20.4% 0.017 19.3%
1988 21,724 7,676.3 -0.3% 0.353 -2.3% 349.8 -4.9% 0.016 -6.8%
1989 22,394 8,361.9 8.9% 0.373 5.7% 326.6 -6.6% 0.015 -9.4%
1990 23,079 7,904.5 -5.5% 0.342 -8.3% 408.4 25.0% 0.018 21.3%
1991 23,780 8,498.2 7.5% 0.357 4.3% 589.6 44.4% 0.025 40.1%
1992 24,495 9,056.7 6.6% 0.370 3.5% 337.1 -42.8% 0.014 -44.5%
1993 25,222 9,471.0 4.6% 0.376 1.6% 445.4 32.1% 0.018 28.3%
1994 25,961 9,566.3 1.0% 0.368 -1.9% 477.6 7.2% 0.018 4.2%
1995 26,688 10,140.0 6.0% 0.380 3.1% 506.2 6.0% 0.019 3.1%
1996 27,875 11,312.4 11.6% 0.406 6.8% 214.7 -57.6% 0.008 -59.4%
1997 28,627 11,997.6 6.1% 0.419 3.3% 229.9 7.1% 0.008 4.3%
1998 29,496 12,986.0 8.2% 0.440 5.0% 600.9 161.4% 0.020 153.7%
1999 * 30,326 13,536.0 4.2% 0.446 1.4% 376.0 -37.4% 0.012 -39.1%
2000 31,081 14,672.0 8.4% 0.472 5.8% 283.0 -24.7% 0.009 -26.6%
2001 31,913 16,256.0 10.8% 0.509 7.9% 370.0 30.7% 0.012 27.3%
2002 32,769 17,231.8 6.0% 0.526 3.2% 390.0 5.4% 0.012 2.7%
2003 33,648 18,316.0 6.3% 0.544 3.5% 418.0 7.2% 0.012 4.4%
2004 34,512 19,257.0 5.1% 0.558 2.5% 524.0 25.4% 0.015 22.2%
2005 35,397 20,344.4 5.6% 0.575 3.0% 628.3 19.9% 0.018 16.9%
2006 36,307 22,353.0 9.9% 0.616 7.1% 690.0 9.8% 0.019 7.1%
2007 37,270 24,156.5 8.1% 0.648 5.3% 749.1 8.6% 0.020 5.8%
2008 39,145 26,032.0 7.8% 0.665 2.6% 811.0 8.3% 0.021 3.1%
2009** 42,300 27,630.0 6.1% 0.653 -1.8% 890.0 9.7% 0.021 1.6%
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Source: adapted from CBS (2009b) and CBOS (1994-2009) 
140 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
 
6.7. The Role of Oil Production in the boom of the Construction and Building 
Materials Industries 
The increasing level of construction output is acknowledged, in the first place, to the oil 
production and export as the government started to build oil infrastructure. By the year 1998, 
one year before the massive production of oil, the construction output grew by 161.4% 
contributing to the total output of the economy by 4.6%. As the infrastructure projects for oil 
production were accomplished or nearly finished, the construction share decreased from 4.6% 
in 1998 to 2.8% in 1999. Since 2000 onwards the amount spent on construction has continued 
to increase consistently because of the entry of foreign companies and investors. With the 
inflow of foreign direct investments and oil revenues, the economy of the Sudan has witnessed 
a boom in real estate development in major cities, coupled with road construction, development 
in telecommunications, electrical power supply and investment in food processing industries 
(Abbadi & Ahmed, 2006).  
Figure  6.9 below graphically demonstrates the relation between oil production and the output of 
the construction sector as well as their contribution to the total GDP. Obviously, the oil 
production has contributed to maintaining the construction activity in an increasing pattern since 
1998 with minimal fluctuations. Prior to the production of oil, the output of the construction 
sector was extremely volatile. The construction sector, following massive oil production, has 
experienced less volatile fluctuations in its gross output and contribution to GDP in comparison 
to the periods before oil production had commenced (Figure  6.3 and Figure  6.4). 
Beside their role in the provision of infrastructure for oil production, oil companies participated in 
community development through the construction of different facilities. According to Fatal 
Transactions (2008), however, the contribution of oil companies is characterized by small scale 
construction of building for schools and clinics. The development of these facilities is performed 
without needs assessments and/or analysis of potentials. On the extreme, they do not seem to 
be primarily designed to serve the needs of the people. For instance, in Beny/New Paloich in 
Northern Upper Nile, Petrodar built a police station, a mosque (even though the vast majority of 
the indigenous people are non-Muslim), a school and a clinic, both of which stand empty. In this 
regard, the oil companies are blamed for not taking any responsibility for the well-being of the 
country and its population. For instance, elevated roads were built for heavy traffic in the dry 
season without effective measures to prevent serious hydrological disturbances. Thus, local 
people complain that the restrictions on natural water-flow patterns have damaged breeding 
patterns of fish. 
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The increasing demand for construction associated with the oil production is accompanied by 
an increasing demand for building materials and components. The increment demand for 
materials stimulates local production of several BMs. According to USGS (2003) the production 
of some BMs started after the oil production and export (i.e., gypsum (1997); marble (2001); 
steel (2001)) and continued to increase (Table  6.3). 
No doubt, repercussions of the split of the country into two different nations with the new born 
country of the South having the greatest share of oil will throw shadows on the CI in both 
countries. Thus, the country of the South should rely on the CI to develop what have been 
destroyed by a war that lasted for decades. While the country of the North should develop its 
economy by concentrating on all sectors in juxtaposition with the oil sector to maintain a high 
level of construction activities in order that the CI gains its due place in the socio-economic 
development.  
5
5
*5
*5
*5
*5







"



















"



















"








	
# 
$%#" !
7
8
	 98 :
%
 
5
5
"5
5
5







"



















"



















"








  "
$% !
7
8
	 98 :
%
 
Figure  6.9: The relation between construction output and the production of oil 
Source: adapted from CBS (2009b) and CBOS (1994-2009) 
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6.8. The Distribution of Construction Activities among the Regions of the 
Sudan 
The boom witnessed by the construction sector in the Sudan by the end of the 1990s and the 
beginning of the third millennium is unquestionable. Official statistics and reports provided by 
CBS and CBOS reveal information on the performance of the CI in the country as a whole. No 
breakdown for this data is provided to demonstrate the level of activities in different states of the 
country. Following the CPA, the government has considered a balanced development by 
redistributing development projects regionally. However, it is believed that the majority of 
building projects take place mostly in Khartoum, the capital, and few other big cities. Many parts 
of the country seem to remain undeveloped and with unmet construction demand. 
El-Gezira state is ranked 1st in terms of number of hospitals with about 58 hospitals in 2008. 
However, Northern State and River Nile outstrip El-Gezaira in terms of number of hospitals per 
100,000 persons with a ratio of 3.7 and 2.7 respectively. The corresponding ratio for the three 
states of Darfur is below 1.0, yet increasing from 2006 and 2007, with a ratio of 0.8, 0.4 and 0.3 
for Northern Darfur, Southern Darfur and Western Darfur states respectively. Similarly the four 
states of Bahr El-Ghazal Region (North Bahr El-Ghazal, West Bahr El-Ghazal, Warrap, and 
Lakes) have a ratio of 0.3 collectively. The same measure for the Upper Nile state and 
Equatoria state decreased from 1.1 and 1.2 respectively in 2006 to a ratio of 0.6 for both states. 
The corresponding figures for the states of Khartoum, El-Gezira and El-Gadarif increased from 
0.7, 1.3 and 1.2 to 0.9, 1.6 and 1.6 respectively. The same picture is reflected by the number of 
beds per 100,000 where River Nile State is ranked 1st followed by Khartoum. The ranking of 
Khartoum indicates that the capacity of its hospitals is much higher than other states which 
have higher number of hospitals per 100,000 persons. This increasing pattern stands as an 
evidence for the increase in number of hospitals constructed in Khartoum. Appendix  2.14 
demonstrates the number of hospitals and beds per 100,000 persons for all states for the years 
2006, 2007 and 2008. The low figures associated with Darfur states can be possibly attributed 
to the ongoing conflict in the region. While the decreasing pattern observed in the southern 
states can be attributed to the cease of war and the return of refugees. Most of the southern 
states either have few health centers, dispensaries and primary health care units or never have 
(Appendix  2.14). Furthermore, nearly all the states of the south remain with no hospitals with 
specialists.  
The number of secondary schools in Khartoum had increased, during the period from 2006 to 
2008, by 61.7% from 663 to 1072 respectively. Similarly, the southern states collectively had 
enjoyed a considerable increase in the number of high secondary schools, with a growth rate of 
94% for the states of the Upper Nile region. The three states of Darfur experienced a decline in 
the number of high secondary schools dropping from 411 schools in 2006 to 320 school in 
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2008. The share of the states of southern Sudan in the number of kindergarten and schools 
seems not to be proportionate to its share in the total population. The states of the south host 
2.4% and 9.4% of the total number of kindergarten and primary schools respectively, while their 
share in the total population is about 21.1%. Additionally, the number of technical schools in all 
the states of the South is only 5 schools compared to Khartoum (30), the White Nile (19) and El-
Gezaira (17). The number and distribution of educational facilities among all states is 
demonstrated in (Appendix  2.16). The number of public universities and higher education 
colleges in Khartoum represents 33% of the total number. The share of other states is almost 
equal ranging between one to two universities for each state. However, none of the states other 
than Khartoum have a private university. Similarly, the majority of private colleges is 
concentrated in Khartoum (80.8%) followed by El-Gezira (9.6%), Red Sea (5.8%), and 1.9% for 
each of the states of River Nile, White Nile and Northern Kordofan. All the states of Darfur and 
the South have neither private universities nor private colleges. Appendix  2.17 shows the 
number of higher education facilities, classified by type of ownership, in all states. 
Before 1989, the total length of paved roads in the Sudan was estimated at 1942 km whereas 
2972 km have been executed after the year 1989 (DIU, 2009). The entire paved roads of the 
country exist in the northern, eastern and central parts of the country (Appendix  2.18). The total 
length of paved roads part of the national roads network in the three states of Darfur is about 
215 km (Nyala - Kass - Zalingei). All the national roads in Southern Sudan and Darfur, with 
exception to Nyala - Kass - Zalingei road, are gravel roads with a total length of 2846 km 
(Appendix  2.18). All the bridges (10491 km) that cross the Nile are concentrated in seven states 
in the North namely: Khartoum; River Nile, Northern State; El-Gezira; Sennar; White Nile; and 
El-Gadarif. The country has 19 airports 8 of which are international (in the states of Khartoum, 
Northern, Kassala, Red Sea, Northern Kordofan, Northern Darfur, Southern Darfur and Central 
Equatoria) with the remaining 11 serving as regional airports. The entire southern region is 
served by a single international airport, namely Juba Airport in Central Equatoria. 
The figures mentioned above reflect the imbalanced development among different regions of 
the country. The conflicts in different regions of the country are mainly attributed to the 
marginalization of those regions in terms of development. Most of the development projects are 
concentrated in the capital city and few other main cities. Thus, equal development 
opportunities should be availed for all regions. By adopting such an approach, further conflicts 
can definitely be avoided and the development of the entire nation will be sustained. No doubt, 
the CI should play a key role in restructuring the distribution of the country’s infrastructure 
facilities and stock. 
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6.9. The Challenges Facing the Construction and Building Materials Industries 
of the Sudan 
The resolution of the civil war in southern Sudan has played a key role beside the oil production 
in increasing the demand for construction work. Many development and re-development 
programs have commenced after the activation of the CPA. The CI is expected to, and it should, 
help maintaining the effectiveness of this agreement. The recent international peace efforts, to 
stabilize war-torn countries, particularly in Africa, have clearly demonstrated the need to invest 
in infrastructure from early-on to build a peace that lasts (Gueli, 2007). Moreover, Gueli (2007) 
explained that post-conflict countries usually attract a significant amount of international aid 
immediately after conflicts. Thus these countries tend to experience a period of rapid economic 
growth, usually within the first six years or so after conflict. Indeed, the role of the CI is not only 
enhancing peace, but it also helps avoiding conflicts in the first place. In the Sudan, for 
instance, the war in the South and Darfur were inevitable results of the marginalization of both 
regions in terms of development and infrastructure provision along with many political and 
ethnical attributes. Importantly, the failure or inability of state institutions to provide infrastructure 
and deliver public services is widely acknowledged as a key cause of conflict and disorder in 
Africa, as far as ordinary citizens often engage in alternative forms of wealth creation, usually 
violence and crime, to escape poverty and the lack of state goods and services (Gueli, 2007). 
Prior to the commencement of post-conflict development programs, an assessment of the 
country capacities for reconstruction is needed. At present, Africa’s capacity to plan for and 
undertake reconstruction is, at best, weak and ineffectual. Accordingly, reconstruction has 
generally involved powerful international actors, like the United Nations Development 
Programme (UNDP), the World Bank and the International Monetary Fund (IMF). Consequently, 
reconstruction assessments have focused on interests and priorities of outside actors instead of 
focusing on building local and regional capacity for post-conflict reconstruction. In the Sudan, for 
example, the African Union (AU) was unable to make its own assessment of the country’s 
development needs following the signing of the CPA. Instead, Africa’s efforts in Sudan have 
primarily focused on supporting the reconstruction programme, dubbed the Joint Assessment 
Mission (JAM), developed by the UNDP and World Bank. Today, JAM has not made a 
significant impact in addressing Sudan’s development malaise (Gueli, 2007). 
Given the rapid urbanization and continuity of migration from rural to urban areas, demand for 
construction is expected to continue increasing. Despite the plans to decrease the growth of 
cities by 4.8% annually (CSS, 1992), large cities of the country continue to grow. Additionally, 
estimates of the country’s housing stock are highly speculative. The sector needs to assess the 
magnitude of demand in order to identify the gap of supply. In addition to that, the sector needs 
to assess its capacity in order to improve its performance and raise its capacity for fulfilling the 
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subject and future demand for construction. The end of war as well as population growth and 
increasing urbanization are the major drivers for demand upon construction. 
The ILO (1976) succinctly summarized the problems of the construction sector of the Sudan 
during the 70s stating: 
“The general picture is of an industry which is already fully stretched, lacking managerial 
and technical craft skills, often operating with antiquated or inappropriate equipment, 
suffering from drastic shortages of key building materials and, in private sector, often 
underfinanced and lacking confidence to plan and pursue a steady program of 
investment and development”.  
The situation since then have changed, yet marginally (ITDG, 1990) and many problems persist. 
The World Bank (2011) has reported that about US $580 million (about 2.7% of the country’s 
GDP) of the US $1.5 billion (equilvent to 6% of GDP) spent yearly on infrastructure in the Sudan 
are wasted due to inefficiencies.  
The government usually marginally includes construction into development plans and its 
strategic visions. The Comprehensive National Strategy (CNS) for the period 1992-2002 put 
forth objectives to fulfill, including economic, social, political, national security and foreign policy 
objectives (CSS, 1992). Economic objectives included reinforcing the economic liberalization 
policies, nourishment of positive growth rate for the Sudanese economy as well as cutback of 
inflation rates (Bannaga, 2010). The CNS targeted 12 sectors, namely: (1) social development; 
(2) agriculture; (3) natural resources; (4) manufacturing, energy and mining; (5) transport, 
communication and construction; (6) science and technology; (7) culture and media; (8) human 
resources; (9) economic and financial policies; (10) defense and security; (11) foreign relations; 
and (12) political and justice systems. Surprisingly, the construction sector was put under the 
transport and communication category. This categorization shows the lack of recognition, by the 
government, to the importance of the sector. As a matter of fact, most of the aforementioned 
categories involve construction.  
Construction rarely appeared in the CNS under the strategies for different categories. The 
objective of higher education included the development of technical education and vocational 
training as well as widening the pool of engineering professions education. The CNS set targets 
such as establishment of engineering faculties and establishment of technical institutes. The 
strategy for physical planning and housing suggested laying the foundations for the 
establishment of sound BMI as well as laying the foundations for sound training institutions 
working in the field of construction. It aimed at the self-sufficiency of BMs, encouragement of 
cooperative housing schemes rather than individual construction, benefiting from research, 
encouraging research on LBMs, setting plans for the development of local materials, upgrading 
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and development of traditional methods of construction, qualifying construction workers through 
training. The proposed strategy for the human resources development did not identify any 
specific policies or programs for the CI and the BMI. It highlighted the general training policies 
that could possibly include the construction sector. The strategy for statistics recommended the 
establishment of statistical database for building and construction as one of nine economic 
fields. However, nothing is mentioned about the type or the nature of the data to be collected. 
The strategy prospects for science and technology aimed at increasing the number of engineers 
and technicians. It limited the advancement in the CI and BMI to the execution of research on 
appropriate BMs and suitable foundation designs for expansive soil. Indeed, these two areas 
are important, however, research should be extended to embrace the whole spectrum of both 
industries. Furthermore, the CNS identified construction as an important field to work on in the 
areas of conflicts and wars as well as for the returning population during the periods of post-
conflicts. It also identified construction as one of the fields enabling youth participation. Given 
the limited attention drawn to the CI and BMI in the CNS, all the above mentioned objectives 
remain general lacking comprehensive programs or plans of action to bring them to reality. 
Thus, the CI of Sudan remains fragile, inefficient, and incapable of meeting the demand for 
construction. Bannaga (2010) listed some of the problems facing the CI of the Sudan. The 
situation tends to be similar to the prevailing conditions in most of DCs.  
Similar to many DCs, the Sudan faces severe problems in its construction sector including: high 
construction costs; costs overrun; delays; lack of skilled labor; and low quality of construction 
work. Lack of skilled labor and low productivity could be possibly attributed to the reluctance of 
firms to invest in training and development of labor. Unfortunately, the government has 
supported this orientation when it had closed down the most capitalized and appropriate training 
body which was the Ministry of Works in 1992 (Bannaga, 2010). A report of ITDG (1990) 
indicates that the CI, at the technical level, lacks craft and management skills and frequently 
faces shortage in the supply of BMs. 
Lack of data about construction forms a major obstacle to the development of the industry. 
Without relevant data the industry potentials cannot be assessed and the needs will never be 
accurately determined. Thus, establishing a comprehensive information system for construction 
activities is a pre-requisite for the sector’s development. Generally, professional institutions are 
a useful source of data pertinent to the construction activities. However, the corresponding 
institutes of the Sudan are far away from fulfilling their ultimate objectives. For instance, the 
engineering council, architects and engineers associations, engineers and contractors unions 
have information, yet not officially documented or published. As mentioned before, the situation 
is aggravated by lack of effective communication and coordination between the industry’s 
stakeholders including the professional institutions, unions and association each of which 
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performs in isolation. Lack of coordination among stakeholders has been a further hindrance to 
the industry development. 
The problems are deepened by inadequacies in design and project management techniques 
employed. The industry lacks effective and efficient national system of codes or standards. Lack 
of finance frequently tops the list of difficulties by which the SCI and the SBMI are faced. 
Moreover, the role of private sector, till the near past, was most likely to be absent. The private 
sector reluctantly invests in the provision of infrastructure in the country. Consequently, foreign 
investors seized the opportunity and entered the open market with the least competing 
capabilities. Thus, and in due course, the SCI seems to be incapable of coping with the 
construction boom and rapid urbanization  
Additionally, the absence of measurable targets and benchmarks in programs for improving the 
industry’s performance hamper the attempts to resolve the underlying situation. Benchmarking 
would provide an indication of the performance of the CI relative to the performance of other 
industries in the country as well as to its counterparts elsewhere. Performance measures and 
benchmarking help identifying areas where actions for improvement are needed and provide 
opportunities to copy and implement best practices and processes. Construction benchmarking 
data collection manual can be developed in order to provide guidance with respect to the 
sources of various types of project data and methods of verifying the accuracy of these data. A 
manual of this type will be an invaluable tool to DCs seeking to improve the performance of their 
CIs through the use of benchmarking (Willis & Rankin, 2008). 
According to Milford et al (2002), some of the obstacles, by which the CIs of DCs are faced, are 
indigenous to the CI and many are exogenous. Therefore, the ability of the CI to address any of 
these issues is questionable. In fact, many of these issues cannot be addressed by industry 
organizations and many of these issues are systemic issues dependent on a wide range of 
other factors. The SCI needs to move from its current state of disarray to an industry ready for 
the successful implementation of sustainable development. 
6.10. Conclusions 
This chapter provided a general background about the Sudan and its economic performance. 
The information included in this part represents the whole country before being split into two 
nations. This part displayed the population growth and the trends of urbanization in the country. 
It also provided a general review about the performance of selected sectors of the economy 
including the construction and building sector. The review revealed that the Sudanese economy 
undergoes a period of buoyancy as a result of oil production. Consequently, the output of many 
sectors, including construction, has flourished. Construction contributes by about 4%, on 
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average, to the total GDP of the Sudan. Expenditure on infrastructure alone contributes about 
1.7 percentage points to the country’s per capita growth. 
The study emphasized that official statistics and reports tend to limit measurements of 
construction output to the formal sector and few types of construction activities. Therefore, it is 
believed that the contribution of the construction sector tends to underestimated as a result of 
lack of information and the exclusion of the informal sector output. Generally, the contribution of 
the sector to the economy appears to be poorly reported. Furthermore, most of the development 
projects are concentrated in the capital city and few big cities, leaving the rest of the nation’s 
regions highly marginalized and in vulnerable conditions. This, in fact, contributed significantly 
to the conflicts and wars the country lives with. The problems facing the SCI and the BMI have 
been highlight as well. 
  
 
 
 
 
 
 
 
 
 
7. Chapter Seven: The Relation between Construction and the 
Economy in the Sudan 
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7.1. Introduction 
The following chapter demonstrates the correlation between the output of the construction 
sector and the output of other sectors of the economy in the Sudan. Firstly, Pearson’s 
correlation coefficient will be derived from data pertaining to the real GDP components of the 
Sudan from 1982 to 2009. Then the Granger causality test will be employed to examine the 
causality relationship between the construction sector and different sectors of the Sudanese 
economy. The Johansen co-integration test will be applied to investigate the long run 
relationship between construction output and the GDP as well as the output of its sisters in the 
economy. 
7.2. The Relationship between Construction and the Economy 
The importance of the CI to the economy stems from the forward and backward linkage 
between the construction sector and other sectors of the economy (Moavenzadeh, 1978; 
Drewer, 1980; Giang & Pheng, 2011). The construction sector responds to the demand of other 
sectors upon construction products, while the increase of construction activities stimulates other 
supplying sectors to grow accordingly. The relationship between the CI and the economy as a 
whole has been extensively researched by Turin (1973), Strassmann (1970a; 1970b), (Drewer, 
1980), Wells (1985b), Ofori (1990), World Bank (1984) and ILO (2001). However, most of these 
researches have focused on testing the existence of a relationship between construction and 
the economy rather than examining the causality relation between both variables. Despite the 
significant role that construction can possibly play in a nation’s socio-economic development, 
few empirical studies have examined the relationship between the construction sector and 
aggregate economy and its subsectors. 
Notwithstanding the consensus about the existence of a strong relationship between the 
construction sector and other sectors of the economy, the nature and dynamism of this relation 
remains controversial. Giang and Pheng (2011), suggest four possible alternatives for the 
relation between the construction sector and the whole economy, these alternatives are: (a) 
causality runs from GDP to construction activity; (b) construction leads economic growth; (c) bi-
directional causal relationship between construction and GDP with a short-run effect by 
construction on economic growth and economic growth having a long-term effect on 
construction; and (d) dynamic causal relationship whereby, during economic upturn, the 
economy leads the construction and during economic downturn construction drives the 
economy. 
Two analytical tools, namely the input-output analysis and the Granger causality test, are 
commonly applied in econometrics to investigate the relationship between two variables. The 
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input-output analysis was developed by Leontief (1936) for the purpose of identifying the 
interdependence of production and consumption in an economy. It demonstrates the 
interrelations among different sectors of the economy where goods and services produced by 
one sector are consumed as intermediate goods by other sectors. The method measures the 
strengths of backward and forward linkages of each sector in the economy. On the other hand, 
the Granger causality test examines the lead lag relationship between two variables showing 
the capability of each variable in predicting the future performance of the other. 
Both tools have been employed to investigate the relation between the construction output and 
the output of other sectors of the economy. The input-output (IO) analysis was applied by 
several researchers to examine the relation between the construction sector and its 
counterparts in the economy (Miller & Blair, 1985; Bon & Pietroforte, 1990; Bon, Birgonul, & 
Ozdogan, 1999; Pietroforte & Gregori, 2003; Rameezdeen, Zainudeen, & Ramachandra, 2005; 
Ilhan & Yaman, 2011). However, the method application seems to be limited to developed 
countries where all the information needed for the analysis is available. With the exception of 
few countries (i.e., Sri Lanka) the method is marginally applied in DCs (Rameezdeen, 
Zainudeen, & Ramachandra, 2005). Tse and Ganesan (1997), Tse and Raftery (2001), Lean 
(2001), Anaman and Amponsah (2007), Khan (2008) and Bynoe (2009) applied the Granger 
causality methodology to investigate the causal relationship between the construction and the 
economy and its sectors. 
Applying co-integration tests and Granger causality test on data set from Hong Kong from 
1983Q1 to 1995Q1, Tse and Ganesan (1997) found that GDP tends to lead construction flows, 
not vice versa. Their test was based on lags of four and five periods thus considering the annual 
effects of both the economy and construction on each other. According to Tse and Ganesan 
(1997), any expansion of construction activity is preceded by an increase in economic output. 
This conclusion implies that construction is growth-dependent not growth-initiating. In other 
words, the level of construction activities is determined by the level of GDP rather than being 
autonomous. Lean (2001), confirming the findings of Tse and Ganesan (1997), observed that, in 
Singapore, causality tends to run from GDP to construction. Byone (2009) examined the causal 
relationship between growth in the output of the CI and economic growth in Barbados. He 
arrived at similar conclusions to those of Tse and Ganesan (1997) and Lean (2001) stating that 
other sectors of the economy have a predictive power over changes in construction output. 
Similarly, Tse and Raftery (2001) found that causality runs from money supply to construction 
flows where the money supply, within 15 months from its inception, is likely to affect 
construction activity. They based their conclusion on the results of a Granger causality test on 
quarterly data from Hong Kong (1983Q1 to 1997Q2). 
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On contrary, Anaman and Amponsah (2007) arrived at a conclusion that differs significantly 
from that of Tse and Ganesan (1997). Applying the same methodology on data of Ghana from 
1968 to 2004, they found that growth in the CI Granger-causes growth in GDP, however with a 
three-year lag. Employing the concepts of Johansen’s co-integration test and Granger causality 
test, (Khan (2008) examined the specific lead lag relationship between construction flow and 
GDP in Pakistan using data from 1950-2005. Khan’s results were comparable to those of 
Anaman and Amponsah (2007). He suggested that causality seems to run from construction to 
GDP implying that construction flows precede GDP whereas GDP does not precede 
construction flows. Tse and Ganesan (1997) argue that construction booms tend to aggravate 
the inflationary pressure within the economy rather than contributing to GDP growth. In the long 
term, however, higher construction flows are likely to increase GDP by adding to the nation’s 
capital stock. This argument opposed that of Giang and Pheng (2011) who suggest that 
construction leads lag economic growth in the short-run while economic growth has a long-term 
effect on construction. The conclusions drawn by different researchers on the causality relation 
between construction and the economy reveal that this relationship is context specific. Indeed, 
the nature of this relationship determines the decisions and policies to be adopted in a country 
and consequently projecting their possible scenarios. Thus, for each country, it is important for 
policy makers to know the nature and dynamism of the relationship between the construction 
sector as a whole and other sectors of the economy.  
7.3. The Relationship between Construction and Other Sectors of the Economy 
in the Sudan 
Construction contributes about 4% to the total GDP of the Sudan, thus, the importance of the 
construction sector to the Sudanese economy is undeniable. The sector seems to experience 
higher volatility than other sectors and the economy as a whole in terms of rates of growth. No 
doubt, several sectors of the Sudanese economy supply the construction sector with inputs 
required for construction works. In reverse, the construction sector fulfills the needs of all the 
sectors for construction products. The nature of the linkage between construction output and the 
entire economy in the Sudan has not been examined. It is not yet known whether the 
construction sector leads lag the economy or vice versa. 
The application of input-output analysis to the economic context of the Sudan is hindered by the 
lack of relevant information required for the analysis. Thus, the Granger causality appears to be 
more appropriate for studying the relation between the construction sector and other sectors of 
the economy in the Sudan. The following part demonstrates the application of the Granger 
causality test on data about GDP, construction and other sectors output in the Sudan.  
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7.4. Pearson’s Correlation 
Many statistical methods are used to measure the degree of dependence between two 
variables. Pearson’s correlation, also called linear or product-moment correlation, was 
developed by Karl Pearson. It is the most familiar measure of linear dependence between two 
quantities. The Pearson correlation coefficient indicates the strength of a linear relationship 
between two variables. It determines the extent to which values of two variables are 
"proportional" to each other regardless to their measurement units (Hill & Lewicki, 2007). 
However, the Pearson correlation coefficient cannot be used to infer a causal relationship 
between the variables. The coefficient is obtained by dividing the covariance of the two 
variables by the product of their standard deviations according to the following equation: 
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where:  
ρX,Y : correlation coefficient between X and Y; cov (X,Y) means covariance of X and Y; 
σX: standard deviation of X; σY: standard deviation of Y; E: the expected value operator; 
µX: expected value for X; and µY: expected value for Y 
While for a series of n measurements of X and Y, the equation is written as: 
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where: 
/01: correlation coefficient between X and Y; 2* and 3*4
means of X and Y; 50and 51: 
standard deviations of X and Y 
The correlation between construction output and the output of other sectors of the Sudanese 
economy (in real terms) has been examined. For this purpose, data pertaining to the economy 
performance during 1982-2009 (Appendix  2.11) was employed. Consequently the correlation 
coefficients of the construction sector and the other 12 sectors of the economy as well as the 
aggregate economy output were derived. Table  7.1 shows the correlation coefficients as 
summarized from the correlation matrix. The construction sector seems to be strongly correlated 
with all the 12 sectors as well as the total economic output. The highest correlation coefficient is 
found between construction and the sector of transport and communication (0.802) whereas the 
lowest is found between construction and the sector of imports and duties (0.552). Furthermore, 
all the results appear to gain high statistical significance where the correlation with all sectors 
was found to be significant at a level of 1%. The sectors of government services (0.783), 
electricity and water (0.759) and mining and quarrying (0.729) follow the transport and 
154 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
 
communication sector in terms of correlation strength. This implies the importance of these 
sectors to the output of the construction sector. In other words any increase or decrease in the 
output of these sectors will, in turn, inevitably affect the level of construction activities and vice 
versa depending on the causality relationship. The correlation between the construction sector 
and the entire economy output appears to be quiet strong (0.736). However, in comparison to 
other sectors, the construction sector obtains a correlation coefficient smaller than that of all 
other sectors of the economy with exception to the imports and duties. The correlation 
coefficients of all sectors with the exception to the sectors of commerce, restaurants and hotels 
(0.649) and import duties (0.552) are higher than 0.91 and mostly above 0.95. Additionally, the 
construction sector always comes as one of the two sectors with the smallest correlation 
coefficient when the correlation between a specific sector and other sectors is compared 
(Appendix  3.1). This observation can be attributed to the low share the construction sector 
contributes to the economy. In other words, the construction sector in the Sudan has not yet 
reached the level that enables it to significantly lead the economy. 
Table  7.1: Correlation between construction and other sectors of the economy in the 
Sudan 
Sector Code Construction 
(X5) 
Sig. 
Agriculture X01 0.618** 0.000 
Mining &  Quarrying X02 0.729** 0.000 
Manufacturing & Hand-Crafts X03 0.707** 0.000 
Electricity & Water X04 0.759** 0.000 
Building & Construction X05 1 - 
Commerce, Restaurant & Hotels X06 0.649** 0.000 
Transport & Communication X07 0.802** 0.000 
Finance, Insurance, Real Estate & Business X08 0.707** 0.000 
Community, Social & Personal Services X09 0.725** 0.000 
Nominal  Financial Institution  X10 -0.672** 0.000 
Government Services X11 0.783** 0.000 
Private Non-Profit Services To HHs. X12 0.722** 0.000 
Import Duties X13 0.552** 0.002 
TOTAL GDP X14 0.736** 0.000 
** Correlation is significant at the 0.01 level (2-tailed).    
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7.5. Granger Causality Test 
The Granger causality test, named after, Sir Clive William John Granger (a winner of Nobel 
Prize in Economics), is a statistical hypothesis test for determining whether one time series is 
useful in forecasting another (Granger, 1969). The basic concept of the Granger causality tests 
is that future values cannot predict past or present values (Tse & Ganesan, 1997) meaning that 
a “cause” cannot come after the “effect” (Tse & Raftery, 2001). A time series X is said to 
Granger-cause Y if the past values of X provide statistically significant information about future 
values of Y. In other words, if X causes Y, then, changes of X happened first then followed by 
changes of Y. In particular, it is said X is granger-causing Y if: (a) X can help predicting Y 
(regression of X on Y has a big R2) and (b) Y cannot help predicting X. This means that X is 
Granger-causing Y when past values of X have predictive power of the current value of Y even 
if the past values of Y are taken into consideration. Conversely, if Y is Granger-causing X, it 
would be expected that a change in Y will take place before a change in X. Further, it is also 
possible that both X and Y Granger-cause each other. 
The granger causality test is run under the null hypothesis H0: X does not cause Y according to 
the following equation: 
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The test results imply that X is granger-causing Y if 89$= > in the equation above. Analogically, 
the same test can be used in investigating whether or not Y causes X. If both of these events 
occur, then feedback effects exist. Of course, the Granger test is suitable for examining the 
causality relation between pairs of variables as it may produce misleading results if more than 
two variables are involved.  
7.6. Unit Root Test  
Testing the existence of granger causality essentially requires the use of stationary time series 
data. The use of non-stationary variables in the causality test will lead to spurious regression 
(Granger & Newbold, 1974). The unit root test can be run to test whether a time-series data is 
stationary or non-stationary. If the series Y is stationary then it has a tendency to return to a 
constant mean. Accordingly, the level of the series will be a significant predictor of next period's 
change. If, otherwise, the series is non-stationary, then positive changes and negative changes 
will occur with probabilities that do not depend on the current level of the series. 
Tests for unit roots can be performed by applying Dickey-Fuller (DF), augmented Dickey-Fuller 
(ADF) tests (Tse & Ganesan, 1997) or Phillips-Perron (PP) test (Phillips & Perron, 1988). The 
Dickey–Fuller test, named after the statisticians D. A. Dickey and W. A. Fuller, tests whether a 
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unit root is present in an autoregressive model (Dickey & Fuller, 1979). There are three main 
versions of the test, namely (a) test for a unit root; (b) test for a unit root with drift; (c) test for a 
unit root with drift and deterministic time trend. The regression model for each test is written as 
follows: 
(a): ?6  @6:(  <6 
(b): ?6  A9  @6:(  <6 
(c): ?6  A9  A(B  @6:(  <6 
Where;  
Yt is the variable of interest; t is the time index; δ is a coefficient; and ut is the error term 
The unit root test is run under the null hypothesis that the time series contains a unit root test 
(H0: δ = 0) against its alternative hypothesis that it is integrated (H1: δ ≠ 0). It is not possible to 
use standard t-distribution to provide critical values. Mackinnon (1991) provided a table of 
critical values for the ADF (Table  7.3). The failure to reject the null hypothesis implies the 
existence of a unit root in the time-series. Consequently, the time-series will be identified as 
non-stationary. Each version of the test has its own critical values depending on the size of the 
sample. 
The exclusion of the intercept or deterministic time trend leads to bias in estimating the 
coefficient (δ) leading to a difference between the actual size for the unit root test and the 
reported one. If the time trend term is inappropriately excluded with the a0 term estimated, then 
the power of the unit root test can be substantially reduced as a trend may be captured through 
the random-walk with drift model (Campbell & Perron, 1991). 
The augmented Dickey-Fuller test (ADF) is an extension of the Dickey–Fuller (DF) test, which 
removes all the structural effects (autocorrelation) in the time series and then tests for the 
existence of unit roots using the same procedure. 
The ADF test is based on the following formulation: 
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Alternatively it could be written: 
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Where; 

?6  6  (, C9 is a drift term; T is the time trend with the null hypothesis, H0 : α2 = 0;  
n: is the number of lags necessary to obtain white noise; and <6: is the error term. 
Chapter Seven 
The Relation between Construction and the Economy in the Sudan 157 
 
 
The Phillips–Perron (PP) test (named after Peter C. B. Phillips and Pierre Perron) is another 
method for unit root test (Phillips & Perron, 1988). It tests the null hypothesis that a time series 
is integrated of order 1. Both, the ADF and PP tests address the issue that the process 
generating data for Yt might have a higher order of autocorrelation than is admitted in the test 
equation. Whilst the ADF test introduces lags of ?6 in the test equation, the PP test makes a 
non-parametric correction to the t-test statistic. 
7.7. Results of Unit Root Test 
As a pre-requisite for running the Granger causality test, the data set has been processed to 
examine the existence of unit roots. All the data series about the entire economy output as well 
as its sectors were subject to the unit root test to assess whether each variable is stationary. 
The unit root test was applied on all series with their actual data. The results of the unit root test 
using the ADF and PP tests are summarized in (Table  7.2) below. Testing the null hypothesis of 
unit root existence was performed at 1%, 5% and 10% levels of significance. Table  7.2 presents 
the test statistics of the actual data of all the 13 sectors of the economy as well as the total GDP 
assuming the existence and non-existence of time trends. These values are compared to the 
critical values presented in (Table  7.3) to determine the significance of the results obtained. The 
results of the unit root test indicate that all the data series are stationary, however in different 
level forms. The test was run on the data in their first difference (with one lag) as well. According 
to the ADF test results, five series including the total GDP (X14) were found to be stationary in 
their level form with different levels of significance. The results indicate that all the data series 
are stationary with exception to the data pertaining to the sector of transport and communication 
(X07). Thus the PP test was applied as well to confirm the results of the ADF test. All the data 
series are found to be stationary since that the null hypothesis of unit root with and without time 
trend cannot be rejected at all levels of significance. For all data series, the null hypothesis was 
rejected at 1% significant level except for the data series of the mining and quarrying sector 
(X02) and the private non-profit services to households (HHs) (X12) which were found 
significant at the level of 5%. 
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Table  7.2: Unit root test results 
Sector No Trend
With 
Trend
No 
Trend
With 
Trend
No 
Trend With Trend
Agriculture X01 1.471 -2.121 -3.318** -4.0172** -4.781*** -5.505***
Mining &  Quarrying X02 2.379 -0.749 -2.418 -3.358* -2.812* -3.609**
Manufacturing & Hand-Crafts X03 3.119** -0.2916 -2.877* -5.231*** -3.468** -5.091***
 Electricity & Water X04 1.745 -0.357 -2.631 -3.368** -4.393*** -5.134***
Building & Construction X05 -1.336 -2.339 -6.089*** -6.771*** -6.372*** -6.6936***
Commerce, Restaurant & Hotels X06 -0.822 -2.436 -3.728*** -3.649** -5.578*** -5.513***
Transport & Communication X07 2.262 -0.131 -2.310 -2.993 -3.976*** -4.868***
Finance, Insurance, Real Estate & BusinessX08 1.757 -1.075 -2.971* -3.586* -4.384*** -5.048***
Community, Social & Personal Services X09 5.747*** 1.136 -1.489 -4.137** -1.858 -4.646***
Nominal  Financial Institution X10 -0.553 -3.238* -4.426*** -4.418*** -5.017*** -4.964***
Government Services X11 1.408 -0.885 -3.417** -4.807*** -4.502*** -5.294***
Private Non-Profit Services To HHs. X12 3.992*** -0.181 -1.577 -3.377* -2.526 -4.190**
Import Duties X13 -2.663* -3.279 -4.742*** -5.036*** -6.860*** -7.333***
TOTAL GDP X14 6.666*** 0.3659 -1.455 -4.069** -1.975 -5.549***
Series
Levela In 1st Differencea PP Testa
a Figures marked with ***, ** and * indicate correlation is significant at the 0.01, 0.05 and 0.1 level respectively 
Table  7.3: Mackinnon and Phillips–Perron critical values for unit root tests 
No 
Trend
With 
Trend
No 
Trend
With 
Trend
No 
Trend With Trend
1% -3.6959 -4.3382 -3.7204 -4.3738 -3.7076 -4.3552
5% -2.9750 -3.5867 -2.9850 -3.6027 -2.9798 -3.5943
10% -2.6265 -3.2279 -2.6318 -3.2367 -2.6290 -3.2321
Level 
of Sig.
Level In 1st Difference PP Test
 
Source: Mackinnon (1991) 
7.8. Granger Causality Test Results 
Following the test for unit roots, all the data series were subject to the Granger causality test to 
examine the causality relationship between the construction sector and other sectors of the 
economy using annual data from 1982 to 2009. The results of the Granger causality test will 
demonstrate the nature of the relationship between the output of the construction sector and the 
aggregate output of the economy and its sectors in the Sudan. The results indicate whether the 
information about the construction is capable of predicting the future level of other sectors 
output. The test was run on all the data series in (Appendix  2.11) including GDP records. 
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The test has examined the causality relationship between the construction and each of the other 
12 sectors and the total GDP in pairs. Granger causality test consisted of estimating the 
following equations: 
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The first equation implies that construction (X5) granger causes sector n provided that 89K= > 
in. While in the second equation, sector n is Granger-causing construction (X5) if 8&$= >. If both 
events occur, then a feedback exists. In other words, if either 89Kor 8&$ is statically significant, a 
uni-directional causality exists. Whereas, if both 89K and 8&$ are found to be statically 
significant, then a bi-directional causality runs. According to the data on the performance of the 
Sudanese economy and based on the equations above, F statistics are calculated under the 
null hypothesis that the coefficients 89K and 8&$ are equal to zero. The null hypothesis is 
rejected if the F statistics exceeds the critical values. Alternatively, the null hypothesis will be 
rejected in the p value is less than 0.01, 0.05, 0.1 for the 1%, 5% and 10% levels of significance 
respectively. Table  7.4 below reports the F statistics and the p values as derived from the 
Granger causality test performed. 
The results of the Granger causality test demonstrate that three forms of causality are found 
between the construction output and the output of the economy and its sectors. According to the 
F statistics, the hypothesis of no causality running from construction flows to GDP is not 
statistically rejected. However, the hypothesis of no causality from GDP to construction flows is 
statistically rejected implying that aggregate economy leads construction flows. In addition to 
the total GDP (X14), the same conclusions can be drawn for the relationship between the 
construction sector and the following sectors: (1) X01: agriculture; (2) X02: mining and 
quarrying; (3) X03: manufacturing and handcrafts; (4) X07: transport and communication; (5) 
X08: finance, insurance, real estate and business; (6) X09: community, social and personal 
services; (7) X10: nominal financial institutions; (8) X11: government services; and (9) X12: 
private non-profit services to HHs. The construction flows appear to be led by the performance 
of these sectors and not vice versa. Nevertheless, the growth of the construction sector seems 
to stimulate growth of the sector of commerce, restaurant and hotel (X06) and the sector of 
import duties (X13). Hence, the past values of construction flows have predictive power of the 
current value of these two sectors output. Surprisingly, the test reveals that a bi-directional 
relationship appears to exist between the construction output and the output of the electricity 
and water sector. However, the hypothesis of no causality running from construction to the 
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sector of electricity and water is marginally rejected at the level of 10% of significance. While the 
hypothesis of no causality from the electricity and water sector to construction is rejected at a 
level of significance of 1%. This indicates that the causality running from the electricity and 
water sector to construction seems to be stronger than otherwise. 
Table  7.4: Granger Causality Test results 
  Null Hypothesis: F-Statistica, b Probabilityb Flow of Causality
  X05 does not Granger Cause X01 1.402 0.248
  X01 does not Granger Cause X05 6.749** 0.0158**
  X05 does not Granger Cause X02 0.069 0.794
  X02 does not Granger Cause X05 12.109*** 0.002***
  X05 does not Granger Cause X03 0.688 0.415
  X03 does not Granger Cause X05 10.047*** 0.004***
  X05 does not Granger Cause X04 2.919* 0.100
  X04 does not Granger Cause X05 9.390*** 0.005***
  X05 does not Granger Cause X06 2.947* 0.099*
  X06 does not Granger Cause X05 2.178 0.153
  X05 does not Granger Cause X07 0.164 0.689
  X07 does not Granger Cause X05 10.440*** 0.004***
  X05 does not Granger Cause X08 0.086 0.771
  X08 does not Granger Cause X05 7.787** 0.010**
  X05 does not Granger Cause X09 0.964 0.336
  X09 does not Granger Cause X05 8.694*** 0.007***
  X05 does not Granger Cause X10 1.074 0.31
  X10 does not Granger Cause X05 6.1718** 0.020**
  X05 does not Granger Cause X11 1.257 0.273
  X11 does not Granger Cause X05 13.038*** 0.001***
  X05 does not Granger Cause X12 0.964 0.336
  X12 does not Granger Cause X05 8.437*** 0.008***
  X05 does not Granger Cause X13 3.200* 0.086*
  X13 does not Granger Cause X05 1.134 0.298
  X05 does not Granger Cause X14 0.424 0.521
  X14 does not Granger Cause X05 9.638*** 0.00483***
X07 → X05
X01 → X05
X02 → X05
X03 → X05
X04 ↔ X05
X05 → X06
X14 → X05
X08 → X05
X09 → X05
X10 → X05
X11 → X05
X12 → X05
X05 → X13
 
a The null hypothesis of no causality is rejected if the F statistics exceeds the critical values 7.721, 4.2252 and 
2.90913 at the 1%, 5% and 10% significance levels respectively. 
b Figures marked with ***, ** and * indicate the rejection of null hypothesis at the 1%, 5% and 10% levels of 
significance respectively 
The results of the causality test appear to be similar to those of the Pearson’s correlation test. 
As been noted before, the construction sector is listed among the three sectors having the 
lowest correlation coefficient with GDP, namely the sectors of commerce, restaurants and hotels 
(0.649) and import duties (0.552). Almost, all the remaining sectors have correlation coefficients 
higher than 0.95. Additionally, the correlation between construction and these two sectors in 
addition to the agricultural sector appears to be the weakest in comparison to other sectors. The 
Chapter Seven 
The Relation between Construction and the Economy in the Sudan 161 
 
 
causality test reveals that, with the exception to the sectors of commerce, restaurants and 
hotels and import duties, the construction does not lead-lag the growth of the economy and its 
sectors. It is quite logical that causality runs from the construction flows to these two sectors. 
Explanations to this phenomena lies within the nature of the relationships between these 
sectors. The construction sector satisfies the demand for space made by the sector of 
commerce, restaurants, and hotels, the prosperity of which is highly dependent on the level of 
construction activity. Additionally, construction inputs including materials and equipment are 
mostly procured from abroad, thus as construction output increases, flows from import duties 
are expected to increase consequently. Therefore, one can argue that construction has the 
potential to significantly impact on the balance of payment in the Sudan. 
The causality test results suggest that the expansion of construction activities is preceded by 
the economic output and the level of output of individual sectors. This result confirms the 
conclusion arrived at in section ( 7.4) stating the importance of these sectors in determining the 
growth of the construction sector. As a result, it is expected that any increase or decrease in the 
output of these sectors will be felt within the construction sector. Combining the results of the 
correlation test with those of the causality test, it can be argued that the sectors of mining and 
quarrying, electricity and water, transport and communication, and government services are key 
sectors for the development of the SCI. The causality test results show how high is the 
significance of the quarrying and mining in determining the output of the construction sector. 
The output of the quarrying and mining sector is mostly attributed to the oil industry. Thus, the 
hypothesis stating that the construction boom experienced in the Sudan is attributed to the 
production and export of oil can be accepted. Another point is that the infrastructure seems to 
be a crucial factor to the development and growth of the construction sector. Such a conclusion 
can be drawn from the causality relation that tends to run from the transport and communication 
as well as from the electricity and water subsectors to construction. 
7.9.  Johansen Co-integration test 
Johansen test (Johansen, 1988; 1991) named after Søren Johansen, is a procedure for testing 
cointegration of several time series of the first lag order I(1). Unlike the Engle–Granger test 
which is based on the DF and ADF tests, Johansen’s test permits more than one cointegration 
relationship, thus is more generally applicable (Gonzalo, 1994; Lütkepohl, 2004; Wassell Jr. & 
Saunders, 2008). This test has been widely applied in econometrics to examine the 
cointegration between two different variables (Hjalmarsson & Österholm, 2007; Wassell Jr. & 
Saunders, 2008). The test can be applied to examine the long-run equilibrium between the 
construction sector output and the output of the entire economy as well (Tse & Raftery, 2001; 
Khan, 2008). Testing for cointegration is a way of testing the long term relatedness between 
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time series, whereas Granger causality refers to short run forecastability. Johansen co-
integration test has been applied on data pertaining to the aggregate output of the Sudanese 
economy during 1982-2009. The test was run for the purpose of deriving equations for the long 
run equilibrium between construction flows and total GDP in the Sudan. 
Table  7.5: Co-integration test results 
Eigenvalue Likelihood Ratio 
5% Critical 
Value 
1% Critical 
Value 
Hypothesized 
No. of CE(s) 
0.530224 25.07619 15.41 20.04 None ** 
0.18858 5.433204 3.76 6.65 At most 1 * 
*(**) denotes rejection of the hypothesis at 5%(1%) significance level 
Table  7.6: Normalized co-integration coefficients 
X05 X14 C 
1 -0.069451 446.7731 
(-0.02156)   
Log likelihood -351.7961   
Table  7.5 reports the results for the cointegration test based on Johansen cointegration test. 
The Likelihood ratio (L.R.) test indicates two cointegration equation(s) at 5% significance level. 
Based on the normalized cointegration coefficients (Table  7.6), the cointegration equation can 
be written as follow:  
LMN  MO MPQRNS
LSR  RRPO TTUS 
Where:
9J: Construction output; (V: GDP 
7.10. Conclusions 
This chapter demonstrated the correlation between the output of the construction sector and the 
output of other sectors of the economy in the Sudan. This correlation has been derived by 
employing data pertaining to the real GDP components of the Sudan from 1982 to 2009. The 
Granger causality test was employed to examine the causality relationship between the 
construction sector and its sisters in the economy. The test results generally suggest that the 
expansion of construction activities is preceded by the economic output and the level of output 
of individual sectors. These results suggest that the construction sector is growth-dependent 
and not growth-initiating implying that aggregate economy leads construction flows. The results 
indicated the existences of the three forms of causality between construction output and the 
output of the economy and its sectors. Accordingly, the Johansen co-integration test was 
employed to derive the equation demonstrating the long-run equilibrium between construction 
flows and total GDP in the Sudan. 
 
  
 
 
 
 
 
 
 
 
8. Chapter Eight: Resources and Raw Materials for the Production of 
Building Materials in the Sudan 
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8.1. Introduction 
In many developing countries, of which Sudan is one, a large proportion of building materials 
are imported. The purpose of this chapter is to evaluate the building materials industry in the 
Sudan in terms of local production potentials. It starts by reviewing the availability of resources 
and raw materials for local production and self-sufficiency of building materials. This chapter 
shows the distribution of raw materials and production facilities in the different states of the 
country. Thus, it highlights the status of the building materials production and its capacity in 
these states. Besides, it provides some statistics on the production of building materials to help 
determining the gap between the demand for and the supply of different building materials. 
8.2. Driving Forces for the Equilibrium between Demand for and Supply of BMs 
The equilibrium between demand and supply is basically determined by the availability and 
prices of a good in the market. The guarantee of continuous supply of materials is of great 
importance to the SCI to attain improved performance and development. Lack of materials 
cannot be compensated either by organizational measures or by good equipment (Battelle 
Institut, 1979). High prices of building materials (BMs) negatively affect the activity level of 
construction. The more available building materials are, the lower the prices of those materials 
will be. The availability of indigenous BMs is determined by many factors some of which are: 
availability of raw materials; availability of labor; availability of equipment required for 
production; and possibility to transport final products. If some of the materials demanded by the 
CI are not available locally, then importing from abroad is a possible way to secure their supply. 
Of course, all the factors affecting the production and supply of BMs will be reflected in their 
prices. 
Because the cost of BMs constitutes a main element that controls the cost budget for housing in 
the Sudan, factors that determine that cost are crucial to understand the dynamism of demand 
and supply. Apart from the shortage of materials, the distribution of materials is a contributory 
factor to the equilibrium between demand and supply. Indeed, cost of transport is a major 
component of materials prices. The enormous size and poor transport infrastructure of the 
country as well as the unbalanced distribution of production facilities are invariably responsible 
for creating a gap between demand for and supply of BMs. For example, a 50 kg sack of 
cement costs 52 SDG in Nyala in Southern Darfur, whilst it only costs 25 SDG in Khartoum 
(December 2010). Surprisingly, the average transportation cost of a 50kg sack (23-26 SDG) is 
commensurate with its price in Khartoum. Indeed, the costs of transportation tend to be higher 
during the rainy seasons. Consequently, the locational distribution of production facilities is an 
important factor in determining the prices of a specific material in different territories. The 
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following fundamental criteria are of decisive importance in the selection of sites for the 
production of BMs: 
• adequate demand ensuring long-term sales; 
• adequate and continuous supply of raw materials; 
• availability of labor; and 
• existence of adequate transport network within the area of sales market. 
While the import duties, which might be seen as a possible way of protecting the local industry, 
still flexibility should be available to sustain the supply of inputs – especially BMs – to the 
construction sector. Cement, for instance, is sold in the market at 200-300$ per ton while it 
arrives to Portsudan - the main port of the country - at only 80$. The continuously changed 
regulations and fees of importing BMs tend to distort the market and affect the price stability. As 
far as prices are concerned, it will be necessary for the government to control the prices of BMs 
through effective policies and regulations. 
Quality is an important factor in pricing of goods; goods of higher quality tend to be of higher 
prices. Therefore, the propensity of the market to compromise quality for price determines the 
preference of that market to a specific building material. A report of ITDG (1990) claims that 
people in the Sudan are not prepared to pay more for a better quality of bricks for instance. 
Therefore, it recommends that any efforts aiming at raising quality should ensure the market for 
that quality in advance and attempt to compete in terms of prices. 
The projection of future demand for different BMs is crucial if equilibrium between demand and 
supply is to be sustained. Therefore, it is important to study the population trends, distribution 
and density due to their effect on structural demand (Battelle Institut, 1979). Accordingly, 
population forecast, both at the level of states and cities, is necessary to derive the demand for 
construction and thus for key BMs. Population estimates can also be employed to derive the per 
capita consumption of different BMs in the country (i.e., cement, brick, gypsum … etc)  
8.3. Availability of Raw Materials for BMs Production in the Sudan 
Generally, the production of BMs offers ample potential for the construction sector activity. The 
Sudan does not lack natural resources, but their exploitation have been severely hindered by a 
weak economic infrastructure, harsh climate, the enormous size of the country, and many years 
of political instability (ITDG, 1990). Although materials production is at low level, little research 
into production has been undertaken by government, NGOs and foreign agencies. The Battelle 
institute report (1979), which was prepared jointly with the Building and Roads Research 
Institute (BRRI) at the University of Khartoum (U of K), is the most comprehensive of these 
researches. Unfortunately, the information of the Battelle report has never been 
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comprehensively updated. A recent survey, conducted by the Ministry of Industry, has reported 
the production of many BMs. 
Apart from the locally produced materials and few other materials, most of durable materials 
used in construction in the Sudan are imported at present. There are a number of high-quality 
raw materials available in the Sudan for the production of BMs. Nonetheless, only second and 
third class BMs are produced (Battelle Institut, 1979). In general, resources of raw materials 
required for the production of BMs are abundant in many locations in the Sudan, and their 
stocks are not accurately known. In fact, this situation tends to prevail in many DCs where the 
likely problem with raw materials is basically lack of data on their exact quantities (Tackle, 
1983a). Prior to oil production, fuel was a major contributor to the non-production of BMs. As 
many of the production processes require substantial energy to produce end products, the 
SBMI is performing in a weak manner. The distribution of BMs production facilities does not 
match the distribution patterns of raw materials available for production. The future planning to 
establish production facilities in areas of good potentials for production is important. No doubt, 
such a strategy would provide the local communities, where production facilities will be 
established, at large with means of improving their socio-economic conditions. Besides, the 
benefits will expand beyond the BMI spectrum to attain social benefits associated with the 
creation of job opportunities. 
Almost all the raw materials necessary for the building industry in the Sudan are probably 
available in sufficient quantities. In most cases, however, data about quantity, quality, labor 
availability, power and water supply, and transport facilities are not available. Limestone, which 
is the main constituent of portland cement, is available in large stocks in many regions (about 
25 locations), especially in the North and the East. Loam and clay deposits of different qualities 
occur in many areas of the Sudan, mainly along the Nile and its tributaries. Apart from these 
areas no precise locations of clay deposits have been reported. The clay is usually used for the 
manufacture of bricks. Black cotton soil (semi-clay material) covers most of the central and 
southern parts of the country. This type of soil can be possibly used as brick clay if appropriately 
treated. Gypsum is used as a material for plastering as well as for the production of gypsum 
boards and blocks. It is also used by the cement production industry. The only area with 
gypsum deposits in the Sudan is reported to be the coastal area of the Red Sea to the north of 
Portsudan (Battelle Institut, 1979). A high quality Gypsum (95% pureness) stock, in the area 
eastern to Portsudan, is estimated at 400 million tons (Ministry of Industry, 2010). Another 
important input in the ceramic industry is kaolin which is found in the East, West (Kordofan) and 
Khartoum. Feldspar, which is used as fluxes in the ceramic industry, occurs mainly in eastern 
and western Sudan. Quartz that is used in the ceramic and glass industries occurs in large 
quantities in the Red Sea Hills in the East. Talc is a raw material for refractory ceramics, and 
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reported to occur in many areas of the Sudan especially in the Ingessana Hills and the Red Sea 
Hills. The volume of magnesite in Qala En-Nahl in the North alone is reported to total about 200 
million tons. It exists also in Ingessana Hills. Sand and gravel of different specifications are 
available throughout the entire country. High quality sand for the use as a binder aggregate is 
scarce in many areas of the Sudan. However, acceptable sands and gravel can be found in the 
river-beds and near the rivers. Natural stones are rarely used in buildings in the Sudan. Mainly, 
sandstone, soda granite, limestone, and pumice are used in construction. Water, as input for 
the production of many BMs, is available in most parts of the country.  
The geological map (Figure  8.1) of the Sudan displays the locational distribution of mineral 
stocks of the country. Figure  8.2, Figure  8.3, Figure  8.4 and Figure  8.5 show the distribution of 
natural and mineral resources for building materials. A caveat is in order here; it has not been 
possible to provide a complete survey of soil distribution in the Sudan. The geological maps 
available on the Sudan are highly inclusive in this respect (Battelle Institut, 1979). 
8.4. Production of Building Materials in the Sudan 
The deficiency of the SBMI in satisfying the demand for BMs necessary for sustainable 
development is quiet obvious. It is known that the BMs sector vis-à-vis other sectors is not 
attractive for investment with long pay back periods, high initial capital and high risks and 
fluctuations of demand (Tackle, 1983a). The investment in BMs production in the Sudan is quite 
limited. Hence, the industry is incapable of exploiting the resources available for production 
resulting in the reliance on imports to secure the need for BMs. According to the Ministry of 
Industry (2005) the SBMI has several strength as well as weakness characteristics. The 
strength of the SBMI is summarized as follow: 
• the industry depends on raw materials that are locally available and in large quantities; 
• costs of raw materials are relatively low; 
• raw materials are available all over the country; 
• availability of national skills in almost all sectors; 
• availability of active market with high and increasing demand; and 
• possibility to export. 
The weakness of the industry is seen in: 
• locations of available raw materials are in remote areas that lack infrastructure; 
• the payback period of invested capital is considerably long, thus the industry does not 
attract capital; 
• lack of support and encouragement for investing in the industry; 
• unavailability and high prices of equipment necessary for production; 
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• unavailability of water, fuel and power; 
• high prices of fuel and power; 
• the increasing production of competing materials that depends on raw material which are 
not available locally; 
• the noncontributory role of the industry in export; 
• lack of accurate estimates for the stock of various raw materials; 
• lack of supporting industries (i.e., spare parts manufacturing, lifting and transport 
machineries…etc); 
• lack of development plans; and 
• lack of scientific research 
As demonstrated above, the raw materials required for the production of BMs are available in 
many locations in the Sudan. However, it appears that the distribution of production facilities 
does not match the distribution of available raw materials. For instance, despite being rich of 
minerals and natural materials resources, the regions of Darfur lack quarries for the exploitation 
of these reserves. According to the Ministry of Industry (2005) natural materials quarries are 
distributed all over the country; granite (central, north and east); aggregates (central, north, east 
and west); marble (central, north and east); lime (central, north, east and west); basalt 
(Khartoum); limestone (north and east); sandstone (Khartoum); quartz (Khartoum and east); 
stone (Khartoum and east); kaolin (north); sand (Khartoum, east, and Kordofan); and 
aggregates (Khartoum and east). Table  8.1 presents the number of production facilities for non-
mineral industries in different states. It is obvious that the share of Khartoum state in all 
categories of production, with exception to the production of lime and gypsum, is the highest. Of 
course, this distribution does not imply non availability of raw materials in states lacking 
production facilities for corresponding materials. 
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Figure  8.1: The geological map of the Sudan 
Source: Geological and Mineral Resources Department, Ministry of Industry, Sudan 
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Figure  8.2: Distribution of clay for bricks and black cotton soil 
Source: Battelle Institut (1979) 
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Figure  8.3: Sand, gravel and stones stock locations 
Source: Battelle Institut (1979) 
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Figure  8.4: Distribution of mineral resources for building materials 
Source: Battelle Institut (1979) 
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Figure  8.5: Existing sawmills in the Sudan 
Source: Battelle Institut (1979): 
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Table  8.1: Number of production facilities for non-mineral industries in different states 
Source: Comprehensive Industrial Survey (Ministry of Industry, 2005, p. 203) 
According to the Industrial Survey conducted by the Ministry of Industry (2005) the total number 
of active facilities producing BMs is 1,541 facilities (about 6.4% of the total number of industrial 
facilities). About 663 of these facilities are classified as large representing 4.8% of the total 
number of large industrial facilities. The SBMI contributes about 2.51% of the total value added 
by all industries, and 0.238% of the total GDP. It absorbs 12.7% of the labor force in the 
industrial sector. The disproportionate share of the SBMI in GDP to its share in employment 
implies the low productivity of the sector. Table  8.2 displays the number of facilities, value of 
output, sales and employment in each production category. Table  8.3 provides information 
about the production inputs and their values associated with the production of different BMs. 
Table  8.2: Volume of production of different building materials 
 Industry Subsectors 
 No. of 
Production 
Facilities 
 No. of 
Employees Production (SDG) 
 Sales 
(SDG) 
 Value 
Added 
(SDG) 
Ceramic Thermal Products 7 147 250,820 269,820 98,200
Structural clay products (Non- refractory, 
non ceramic)
590 11,729 3,527,710 35,226,110 23,277,750
Cement, Lime, and Gypsum 34 2,496 47,455,980 47,343,440 36,281,910
concrete, cement, gypsum Products 30 556 16,773,210 16,115,980 10,175,290
Cutting, shaping, and processing of stones 2 47 4,546,050 4,715,710 3,038,620
14,975.0 72,553,770 103,671,060 72,871,770
Source: Comprehensive Industrial Survey (Ministry of Industry, 2005, p. 201) 
 
 State 
 No.  %  No.  %  No.  %  No.  %  No.  % 
Upper Nile - - 9 1.5% - - - - - -
Red Sea - - 1 0.2% 1 2.9% 3 9.7% - -
El Gezira - - 3 0.5% - - 2 6.5% - -
Khartoum 3 42.9% 475 80.4% 8 23.5% 24 77.4% 2 100%
White Nile - - - - 4 11.8% 1 3.2% - -
Blue Nile - - 1 0.2% 3 8.8% - - - -
Southern Darfur - - 56 9.5% - - 1 3.2% - -
Southern Kordofan - - 6 1.0% - - - - - -
Sennar 1 14.3% 1 0.2% 1 2.9% - - - -
Nothern Darfur - - 20 3.4% - - - - - -
Nothern Kordofan 3 42.9% 6 1.0% 1 2.9% - - - -
West Darfur - - 7 1.2% - - - - - -
West Kordofan* - - 2 0.3% - - - - - -
Kassala - - 4 0.7% 15 44.1% - - - -
River Nile (Nhr Elnil) - - - 1 2.9% - - - -
Total 7 100% 591 100% 34 100% 31 100% 2 100%
* West Kordofan has been merged with Nothern and Southern Kordofan states following to the CPM
 Stones  Potter Kiln 
"Ceramic"  Brick Kiln 
 Lime and 
Gypsum  Tiles 
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Table  8.3: Amount and value of inputs consumed in the production of different building 
materials 
 Industry Subsectors  Raw Materials  Fuel   Water  
 Value 
(000SDG) 
 Value 
(000SDG) 
 Amount 
(Kwh) 
 Value 
(000SDG) 
 Amount 
(Kwh) 
 Value 
(000SDG) 
 Value 
(000SDG) 
Ceramic Thermal Products 103,720 - - - - 31,890 2,000
Structural clay products (Non- refractory, 
non ceramic) 7,324,570 - - 60,000 316 3,287,920 73,820
Cement, Lime, and Gypsum 1,780,240 130,900 769,999 6,434,220 3,360,741 3,563,370 267,270
concrete, cement, gypsum Products 6,207,050 93,560 550,351 198,440 104,447 97,500 57,130
Cutting, shaping, and processing of stones 1,508,380 - 878 - 4,621 - 850
 Electricity (Self-
generation)  Electricity (Purchased) 
Source: Comprehensive Industrial Survey (Ministry of Industry, 2005, p. 202) 
The CNS (1992-2002) marginally considered the entire spectrum of BMs for development. It 
aimed at availing BMs required by the housing, infrastructure and public services sectors. The 
strategy targeted: 
• development of clay products; 
• assessing the availability of raw materials for the cement industry; 
• increasing the production of cement; 
• increasing the production of gypsum by ten folds; 
• increasing the producing capacity of lime (especially for the sugar industry); 
• producing ceramics from locally available materials; 
• producing marble and granite for export; and 
• producing glass at massive scale 
Most of these objectives remain on papers without being materialized. However, the production 
of cement, steel, paints, and ceramic tiles received considerable attention and thus the 
production of these sectors has resuscitated significantly. Yet, many of these industries depend 
on inputs that are procured from abroad. For decades, cement was the major headache of the 
CI of the Sudan. Only two factories, namely Atbara Company factory in Atbara (in northern 
Sudan) and Nile Company factory in Rabak (in central Sudan), were supplying the entire 
country with cement. The production capacity of the two factories was 375 thousand tons and 
100 thousand tons per annum respectively. Most of the time, both factories were performing 
below their full-capacity. During the last few years a number of new factories have entered the 
market, thus contributing significantly to the increasing production of cement. Four new factories 
were established during the beginning of year 2011 only, with a total capacity of 6 million tons. 
Today, seven factories are producing cement with a total designed capacity of 16 million tons 
per year. The facilities producing cement products (tiles, brick and blocks) are performing at 
very low capacity; only about 11% of the designed capacity. The total number of these facilities 
is 132 with only half of them active (64). The only factory for gypsum production is located in 
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Portsudan (eastern Sudan). Despite that its equipment has been procured since 1979, the 
production has never started yet.  
The establishment of GIAD Industrial Complex in 1997 contributed significantly to the local 
production of some BMs. The industrial complex is located in El-Gezaira state about 50 
kilometers to the south of Khartoum. GIAD Group includes 4 companies that are specialized in 
the production of building materials and components, namely steels products, tubes and pipes, 
aluminum and cables. The total production of aluminum products is estimated at 3,000 ton per 
year. The company has a production capacity of 3,000 tons per year for each the aluminum and 
copper cables. The steel company supplies the market with 180 thousand tons of reinforcement 
steel annually. However, most of these products are produced from raw materials which are 
procured from abroad.  
The country has extensive timber resources, particularly in central and southern Sudan. The 
largest portion of building timber comes from this area. The timber resources are exploited 
under state management as woodland for forestry purposes. However, most of the natural 
woodlands in the South and South-West are not subject to systematic management. About 80% 
of the demand for timber can be met through the supply from internal resources conditional to 
appropriate management (Battelle Institut, 1979). 
Lime is produced at various small plants in different parts of northern Sudan but erratic 
production and low quality implies that it is only sold as lime hydrate for decorating. It is also 
used as a binder for mortar to substitute or partially replace cement (ITDG, 1990). Similar to the 
process of brick manufacturing, lime production requires considerable fuel (timber). As a 
consequence of deforestation, the production in kilns in the traditional way damages the 
environment in so many ways. Thus, search for alternative fuels should be prioritized if massive 
production of lime is targeted. Gypsum is exploited in the East and mainly sold to the cement 
manufacturing industry.  
Sand, gravel, and stones are produced in a rather fragmented manner. Quarries around main 
cities secure the demand of those agglomerations for these materials which are extensively 
used for construction purposes. The administration of these quarries is run by localities under 
the supervision of the Quarrying and Mining Committee (QMC) at the Geological Department of 
the Ministry of Mining. The production and supply of sand, gravel and stones lack quality 
standards and specifications. Similarly, brick which is a major building material is produced in 
poor qualities and usually below standards. The actual capacity of producing bricks is not 
accurately determined. Bricks are manufactured in kilns which are usually located at the river-
beds. The total number of Kilns is estimated at over 800 distributed throughout the entire 
country. Estimates put the total annual output of these kilns at 400 million bricks. The production 
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process of bricks imposes huge loads on the environment and seriously affects who work in 
those kilns, mainly through smoke. The use of wood for firing contributes significantly to the 
degradation of the environment as well. No authority is effectively responsible for assuring the 
quality and the standards of products and/or the process of brick manufacturing. Generally, 
brick making is a major seasonal employment generator throughout Sudan (ITDG, 1990). Thus 
any attempts to consider alternatives to the traditional methods of producing bricks should 
consider their socio-economic impacts. Till 2005, facilities which produce refractory brick, 
including idle facilities, were only four facilities with an annual production of 55 million brick (only 
about 50% of the full capacity). However, the number of these facilities is increasing. 
The issue of quality frequently arises whenever the potentials of producing BMs locally are 
discussed. The BMI of the Sudan is accused of producing materials of inferior or below 
standards quality. Fired brick, for instance, is produced in inferiority quality and without any 
standard specifications. It is usually produced with unequal dimensions and with cracks which 
imply the consumption of more cement for mortar and plastering during construction. The 
amount of waste in the production of fired brick is another aspect. About 48% of the fired brick is 
wasted in form of over-burnt (16%), incompletely burnt (16%) and broken brick during opening 
the kiln (16%) (Ministry of Industry, 2005). The low-quality of some of the locally produced 
materials (fired bricks in particular) is not necessarily representative of the quality potential from 
the raw materials or man power skills. Enhancing management skills may be all that is required 
to raise their quality (ITDG, 1990). 
8.5. Demand for and Supply of Building Materials in the Sudan 
In general, the projections of demand for BMs in the Sudan are limited to few products (i.e., 
cement, lime, gypsum, bricks, and tiles) while the demand for the majority of materials remains 
undetermined. Projections for the demand of steel, aluminum, timber products, for instance, are 
not available. Most of the demand estimates are based on the quantities absorbed by the 
market rather than the effective demand. Table  8.4 shows the demand for and supply of some 
BMs in the Sudan as reported by the Ministry of Industry. 
Table  8.4: Demand for and supply of selected building materials in the Sudan 
 Material  Unit Demand 
 Local 
Supply Imported 
 Supply 
Cement 000s Tons 3,000 307* 1189*
Lime 000s Tons 130 3 10.074*
Gypsum 000s Tons 80 13.304** 1.984*
Clay Brick million brick 1,500 455 -Cement Products 
(Tiles, Brick, Blocks) million unit 3 2.5 -
 
Note: * and ** are estimates for 2004 and 2003 three respectively 
Source: adapted from Comprehensive Industrial Survey (Ministry of Industry, 2005) 
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The key construction materials almost anywhere are cement and steel. Both of these are in 
short supply in the Sudan and are imported in large quantities. The cement industry plays a 
pivotal role in the economic development of the country. The average rate of cement 
consumption in the Sudan is estimated at 50 kg per capita yearly compared to 110 kg, 311 kg, 
362 kg and 1216 kg and 1245 kg in India, Egypt, Germany, Korea and Saudi Arabia 
respectively. In relative terms, Sudan’s average consumption is very low and the increase of 
consumption to catch up with international averages would drive future growth. The government 
aims at the self-sufficiency of cement the demand for which is estimated at 3 million tons 
annually. Today the situation of cement production is significantly different from what is 
presented in Table  8.4 above. The entry of new facilities into the market has contributed 
significantly to stabilizing the supply and thus prices of both cement and steel. The new cement 
factories - if they perform at full capacity - are expected to produce about 16 million ton per year. 
The Ministry of Industry has the vision of exporting the surplus of production. Despite the 
increasing production, cement remains the headache of the SCI since the prices are pushed 
high by the fees and taxes imposed by the government. A long list of fees is unnecessarily 
collected by central as well as local authorities in regard to the production, transportation and 
sales of cement and other BMs. 
Lime, which is produced in over 40 traditional kilns with a total production of 3,000 tons 
annually, is also used extensively by industries and processes other than the CI such as sugar, 
tanneries and water purification. However, these industries import their stocks of lime since that 
the quality of the locally produced lime does not match the standards required by these 
industries. The possibility of using lime as a separate building material is practically not utilized 
at present in the Sudan. It has been, so far, used almost exclusively in the cement industry as a 
setting retardant (Battelle Institut, 1979). 
Despite the huge stock of gypsum available in the Sudan, the produced amount is very little 
comparatively. Burnt gypsum is used by the building industry while raw gypsum is used by the 
cement industry. The Ministry of Industry estimates the demand for gypsum, if cement 
production reached three million tons per year, at 150 thousand tons annually. Thus, the 
demand for gypsum is expected to be higher than what has been projected as a consequence 
of the expansion in cement production the country is experiencing. 
Bricks are widely used in the Sudan, so the market for them is well established (ITDG, 1990). 
According to the CNS (1992-2002) estimates, the construction sector needs 1,500 million brick 
annually to meet its demand. The actual production is far below this figure with a total of 455 
million brick per year including the mechanically manufactured brick (55 million). The demand 
for cement products (tiles, bricks and blocks) is estimated at three million units annually. The 
local industry provides a supply of 2.5 million units per year. The supply is expected to increase 
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in tandem with the increasing production of cement. Regardless to the accuracy of the 
estimates of demand for and supply of various BMs in the Sudan, these projections should 
cover the whole spectrum of BMs and should not, by any means, be limited to few materials. 
Estimates have to be extended to include steel products, aluminum products, timber products, 
ceramics, glass, marble, granite, sand, gravel, stone…etc. Furthermore, these projections 
should be broken down to measure the market size and potentials in different regions of the 
country. 
8.6. Conclusions 
This chapter has been developed to demonstrate the potentials of the SBMI in producing BMs 
locally. It reviewed the availability of resources and raw materials and their distribution among 
different regions of the country. Besides, it showed the distribution of production facilities in the 
different states of the country, and thus, highlighted the status of the building materials 
production and its capacity in these states. Furthermore, this part of the study provided some 
statistics about the production of building materials to help determining the gap between the 
demand for and the supply of different building materials. 

  
 
 
 
 
 
 
 
 
 
9. Chapter Nine: Application of Building Materials and Technologies 
and Technology Transfer for Housing in the Sudan 
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9.1. Introduction 
This chapter plots a general picture of the application of building materials in the Sudan. It 
reviews the significance and effectiveness of research and innovation in the application of 
building materials and technologies. It also provides some examples whereby technology 
transfer was adopted for the application of innovative approaches in the employment of local 
building materials and technologies. The problems of transferring and disseminating knowledge 
about innovative and appropriate building materials and technologies in the Sudan are broadly 
demarcated. 
9.2. Building Materials and Technologies for Housing in the Sudan 
Many DCs have recognized the need for establishing building materials industries to 
manufacture BMs from local resources in order to ameliorate the present situation of their CIs 
with specific focus on the provision of housing. However, some of these industries are imported 
from highly industrialized countries, hence they are generally unsuitable to the context of DCs 
(Hammond, 1983). Most of the buildings in the Sudan are built with LBMs using traditional skills 
(Adam A. A., 2007). A wide variety of BMs are used for construction in the Sudan. Nevertheless, 
the BMs applied in housing are quite limited especially for low income groups. 
The building regulations pre-specify the materials to be used in the construction of houses 
depending on their classification. The residential areas in the country are classified into three 
categories: 1st class areas, 2nd class areas and 3rd class areas. In addition to this official 
classification there are also the so-called unplanned areas on the outskirts of cities (Battelle 
Institut, 1979). This classification is made on the basis of the three major income groups of the 
population, namely: the high and medium income group, the limited income group and the low 
income group. Usually, housing classes and income groups are segregated in the classified 
residential areas. In other words, newly built houses of the first or second classes are relatively 
seldom found in third or fourth class areas. Plot sizes differ among different categories of 
classification. Plots of higher categories are usually larger than those of lower categories. 
According to the report of Battelle Institute (1979), the BMs in the Sudan are classified into three 
types: (a) modern materials: i.e., concrete, red brick with cement mortar, cement bricks and 
corrugated iron sheets; (b) traditional permanent materials: red bricks combined with mud bricks 
for wall construction, mud construction for walls and roofing made from sticks, thatch and mud; 
and (c) traditional materials: i.e., thatch used for roofing and for walls. In first class areas, 
residential buildings are made of red bricks with clay or cement mortar, reinforced concrete 
ceilings and roofs or corrugated iron sheets for roofing. The regulations require that materials 
used in the construction of houses in the first and second classes residential areas should be 
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durable materials. While, the houses in the third class residential areas can be constructed of 
semi-durable materials. Generally, the local industry is incapable of matching neither the 
demand nor the specifications required by the regulations and consultants. Hence, a large 
portion of BMs (specially the finishing materials) for the 1st and 2nd class is imported. Table  9.1 
shows the regulations regarding the use of the building materials for different building 
components for each category of classification. Statistics (NCR, 2003) show that in 1972 the 
share of first and second class residential areas (5.5%) was very small in comparison to the 
third (43.1%) and fourth classes (20.6%). This structure had slightly changed in 1990 to be 
15%, 45% and 20% for first and second classes and third and fourth classes residential areas 
respectively. The share of illegal settlements has decreased from 30.8% in 1972 to 20% in 
1990. 
Table  9.1: Building materials for different residential areas classes 
Durable Materials Semi-durable Materials Non-durable Materials
- high bearing capacity - limited bearing capacity - very low bearing capacity
- high resistance to 
weather conditions
- vary in resistance to 
moisture
- very low resistance to 
moisture
- suitable for multi-storey 
buildings
- limited application in multi-
storey buildings
- inapplicable in multi-
storey buildings
Examples reinforced concrete and 
red brick
plain concrete, red brick 
with mud mortar, stone 
with mud mortar and 
corrugated iron sheets
jalous, sun-dried brick and 
baladi roofs
correspond-
ing classes
1st class & 2nd class 3rd class 4th class
Type of Materials
General 
Specificat-
ions
Source: NCR (2003) 
Schuman (1990) describes the traditional, contemporary, institutional, modern and innovative 
methods of construction used in the housing sector in the Sudan. Traditional popular housing 
construction is based on the use of indigenous BMs. Designs and methods of constructions 
vary depending on the types and materials available for construction as well as on climate and 
culture. Earth is the main building material for the sheer majority of population of Sudan even in 
the capital and urban centers (Ahmed A. E., 2007). About 80% of the urban population and 90% 
of rural population build their houses using earth as a building material (Adam, 2007). 
Exceptions occur in the highlands where stone is available and on the Red Sea coast where 
coral-stone and timber are used in the construction of houses. Buildings are constructed 
entirely, or partially, of soil depending on location, climate, available skills, cost, building use 
and local tradition (Adam & Alagib, 2001). Many advantages are associated with earth 
construction as it is easy to work with, is affordable, has desirable thermal properties (very high 
thermal insulating value), is a good resistant to fire and is a good noise absorbent. Earth 
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construction does not require much transportation and encourages and facilitates self-help and 
community participation in house building. Thus it is a sustainable technology for construction 
with minimum burdens on the environment. However, earth is known as a material of poor and 
very low bearing capacity, low binding strength and low resistance to moisture (water) with high 
absorption ratio, very high shrinkage ratio, and low durability as a result of low resistance to 
wear and tear (Kateregga, 1983). Many ancient structures such as the old 40 meter high 
minaret in Samarra in Iraq, which was built before more than 1100 years ago, attest to the 
capability of earth as a construction material (El-Erian & Youssef, 1983). 
Traditional earthen buildings in the Sudan are known as jalous, after the type of soil used for 
their construction. Jalous walls are built of mud by hand in tiers rather than in bricks. Jalous 
construction is gradually being lost as new materials and techniques are introduced (Lee, 1974). 
Walls can also be constructed from sun-dried bricks. Traditional buildings are usually founded 
on strip foundation with a depth depending on the soil conditions. The common structure of a 
traditional house is single storey, rectangular in form and with flat roof. Building regulations 
proscribe the construction of jalous and sun-dried bricks in first and second class areas. 
Traditional rendering techniques, such as animal dung mixed with soil, cement stabilized soil 
and sand cement mortar, are commonly used to protect load bearing walls form rain water and 
climatic changes (Ahmed A. E., 2007). 
In the Sudan, bricks are known as one of the BMs used for contemporary construction. 
According to Lee (1974) bricks had been used in the Nile valley since antiquity, but the 
techniques were apparently lost with the coming of the Arabs. The British re-introduced the brick 
technology which they employ for administrative, commercial and residential buildings in the 
capital and in many other parts of the country afterwards. Now this type of construction has 
caught the aspiration of many if not most of the urban lower-income population (Schumann, 
1990). Though a brick and cement mortar building is usually only within the reach of high and 
middle classes, several variations which incorporate security and prestige do exit. Alternative 
combinations of materials and techniques are also used in contemporary construction such as 
brick with mud mortar or brick (exterior) and sundried brick (interior) with mud mortar. 
Roofs remain the most challenging element of buildings in general and houses in specific. The 
cost of roofs is the highest in comparison to other building elements and components (NCR, 
2002b). As a general rule, the choice of roofing technology is governed by: (a) availability of 
materials; (b) economic feasibility; (c) climatic performance; and (d) ease of construction. These 
criteria are closely related to the main functional properties that a roof should meet including: (a) 
structural resistance to loads and stresses; (b) provision of thermal comfort; (c) effective 
protection against weather, i.e. rain and wind; (d) fire resistance; and (e) sound insulation 
(Adam & Alagib, 2002).  
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Adam and Alagib (2002) have categorized the roofs used in the Sudan into four main groups, 
namely (a) flat roofs including traditional earth roof, shagig roof, and timber board roof; (b) 
pitched roofs; (c) vaults including vault roofs and jack arch roofs; and (d) domes (thatch or 
brick). The most common types are flat traditional earth roofs in areas of scarce rainfall and 
pitched straw roofs in areas with heavy rains. Flat traditional earth roofs (Figure  9.1) are known 
as baladi roof (baladi means local or traditional). They are popular because of their low cost, 
ease of construction, and high resistance to heat penetration. Construction materials required to 
build such roofs are also readily available. A baladi roof is composed of a main timber joist 
(mirig), small pole rafters, reeds (hassir), matting or dry thatch, thick layer of mud covered with a 
mix of animal dung (zibala) and soil to protect the penetration of water into the roof layers. 
Despite its good thermal properties, the baladi roofs has many disadvantages (i.e., low 
durability, low resistance to moisture, low structural capacity…etc). Attempts by local builders 
and engineers have been made to improve the structural, thermal, and water resistance 
properties of traditional roofs by replacing local timber rafters by imported timber and replacing 
zibala by sand lime cement plaster. Bitumen can be applied as well for more effective durable 
protection against rainwater penetration. 
Palm purlins (shagig) are commonly used for roofing in eastern Sudan (Figure  9.1). The shagig 
roof is composed of I-section steel beam on which palm purlins are laid with earth blocks on the 
top. Earth or a mixture of soil/lime mortar is used to fill the gaps between the earth blocks and 
applied on the top of blocks. A layer of zibala and white wash is applied on the top. Internally, 
the blocks are rendered with a soil/lime mortar and finished with a lime wash. 
Timber board roofs (Figure  9.1) were very popular in most part of the country particularly during 
the 1940s and1960s. However, this type of roofing system is very rarely used today as timber 
costs become much higher. Timber rafters are laid on a steel I-section which spans across the 
center of the space. Timber boards are laid perpendicularly on the rafters and covered by thatch 
mats on which fire clay bricks are laid flat on a layer of earth mortar. The bricks are plastered 
with sand cement and finished smooth to ensure satisfactory rainwater runoff. Alternatively, 
timber board can be covered directly by a damp roofing membrane. However, in this case the 
thermal performance is not as good as otherwise a brick layer is incorporated. 
Pitched roofs (double-pitched or mono-pitched) are capable of shedding rainwater very 
efficiently off the roof and away from the walls. These roofs have been used in many regions of 
the Sudan especially in the south where rainfall can be heavy. The efficiency of this roof type 
depends on the pitch angle and the roof cover, the materials used and the construction method. 
Roof covering materials typically used for pitched roofs in the Sudan are: thatch, corrugated iron 
sheets, corrugated fiber-cement sheets, timber boarding and fired clay tiles. Thatch is a very 
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effective roof cover often used in various parts of the Sudan, especially in southern, western 
and eastern areas of the country. 
Semi circular vaulted roofs have been used in the Sudan for low cost residential buildings. Fired 
clay bricks and possibly stabilized soil blocks (SSBs) are used for the construction of such 
vaults. The top surface of the vault is covered with a soil or sand cement screed. This 
technology has been applied by the Ministry of Housing in Khartoum and the Sudan Armed 
Forces in the Khartoum area. The performance of constructed units showed good levels of 
performance in respect to resistance to rainwater penetration and heat insulation capacity. 
The jack-arch (Figure  9.1) is another popular roofing system in the Sudan despite the 
comparatively high capital costs that result from the excessive use of steel I-sections which are 
basically imported at high costs. This roof type has very good heat insulation properties and 
good resistance to rainwater penetration. The roof is composed of steel I-sections with a 
maximum span of 80 cm between members. Fired brick are laid on their edge in the area 
between each I-section and the other in a form of an arch. A special mix known as Khafgi, 
which is composed of cement, course sand, crushed fired bricks and hydrated lime, is applied 
over the jack-arch structure to give a firm cover and good sealant against rainwater. Khafgi 
improves the insulation properties of the roof as well. 
Dome roofs are still used in some parts of the Sudan, mainly the south and the west. The most 
common dome roofs are constructed using bamboo or thin wooden members covered with 
thatch. In some cases the thatch is covered with a layer of earth to provide additional protection 
against water and heat penetration. In the early 1930s the Sudanese Railways Authority 
introduced dome and pyramid structures built entirely of brick with a sand/lime mortar or cement 
mortar. These huts were mainly used as residences for the railway stationmasters and staff. 
This type of construction was largely abandoned in the 1970s and is rarely used for housing 
now. 
According to Battelle Institute report (1979), more than 65% of wall materials and 71.2% of 
roofing materials used in buildings in selected urban areas are non durable. The building 
methods in the Sudan can be regarded as applied to the whole country as far as techniques 
and designs are concerned. However, some deviations appear only in the southern, eastern, 
and far western parts of the country. The only significant difference is in fact in roofing materials 
which range from grass roofs, through simple timber and corrugated iron sheets to reinforced 
concrete roofing slabs. Corrugated iron sheets, timber sheets or boards and jack arch roofs are 
frequently used for roofing in contemporary constructions (Ahmed A. E., 2007). The introduction 
of corrugated iron sheets and jack arch roofs is also attributed to the British.  
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Figure  9.1: Examples of roofing materials and technologies applied for housing in the 
Sudan 
Source: Alagib & Adam (2002) 
Modern construction technologies, which are based on steel reinforced concrete frame and 
floors with brick infill walls, can be found in the capital and main cities in the Sudan. The majority 
of commercial buildings and first class residential buildings are built in this manner. Generally, 
these types of constructions are often of professional designs that use expensive materials and 
complex construction methods, and are basically carried by the formal sector. Thus, the 
construction methods and materials employed in these constructions change at a relatively high 
pace. Table  9.2 and Table  9.3 present different walling and roofing materials used in towns with 
population over 20,000 in the Sudan in 1973. Indeed, today the picture is quite different of that 
of the 70s. However, the same materials and technologies are still applied. 
Traditional Earth Roof Shagig Roof 
Timber Board Roof Jack-Arch Roof 
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The government through the former Ministry of Housing has planned and implemented a 
number of housing projects in attempts to avail adequate shelter to special groups. Almost all of 
these projects are built using fired brick or hollow concrete blocks with cement sand mortar and 
with either corrugated iron sheets or vaulted or domed brick roofs. Most recently, the National 
Fund for Housing and Reconstruction (NFHR), established in 2008, developed a limited number 
of units using stabilized soil blocks. Most of the institutional housing projects developed till now 
are believed to be qualitatively and quantitatively poor (Ahmed A. E., 2007).. 
Table  9.2: Walling materials used in different states for towns with population over 20,000 
in 1973 
 Province 
 Total 
No. of 
Houses 
 Grass  Brick  Mud  Stones  Wood  Mudy Brick  Others 
 Not 
Stated 
Bahr Elgazal 16,233 7.9% 7.4% 67.8% 7.8% 1.4% 4.3% 3.4% 0.0%
Blue Nile 55,454 16.7% 43.2% 34.5% 1.6% 0.1% 2.5% 1.4% 0.0%
Darfur 34,904 74.7% 10.6% 3.4% 0.4% 0.0% 7.5% 3.1% 0.3%
Equatoria 11,635 1.4% 7.5% 85.0% 4.2% 0.0% 0.0% 0.9% 0.9%
Kassala 33,860 44.5% 7.6% 29.4% 2.6% 0.3% 0.3% 15.2% 0.1%
Khartoum 132,526 0.5% 27.6% 64.9% 0.3% 0.1% 0.9% 5.8% 0.1%
Kordofan 30,873 23.9% 8.3% 48.2% 1.8% 0.1% 6.3% 10.5% 0.9%
Nothern 17,975 0.3% 17.4% 77.7% 0.6% 0.2% 1.9% 2.0% 0.0%
Red Sea 29,148 1.0% 1.9% 0.4% 10.2% 67.5% 0.0% 19.0% 0.0%
Upper Nile 5,066 1.1% 14.1% 81.4% 0.2% 0.0% 0.0% 3.2% 0.0%
367,674 60,242 75,760 170,255 7,643 20,267 8,254 24,635 618
16.4% 20.6% 46.3% 2.1% 5.5% 2.2% 6.7% 0.2%
Total
Source: Adapted from Battelle Institute (1979) 
 Table  9.3: Roofing materials used in different states for towns with population over 
20,000 in 1973 
 Province  Total No. of Houses  Baladi  Wood 
 Corrugated 
Iron Sheets Concrete  Others 
 Not 
Stated 
Bahr Elgazal 16,234 15.1% 0.6% 11.2% 0.4% 72.6% 0.0%
Blue Nile 55,457 53.6% 7.5% 14.0% 2.5% 22.4% 0.0%
Darfur 34,904 10.5% 0.3% 9.1% 0.0% 79.8% 0.3%
Equatoria 11,636 1.3% 0.1% 10.9% 0.3% 86.6% 0.9%
Kassala 33,860 31.2% 0.9% 4.6% 2.5% 60.7% 0.1%
Khartoum 132,526 58.5% 20.0% 10.9% 3.4% 7.1% 0.1%
Kordofan 30,873 27.7% 0.3% 25.8% 0.0% 45.3% 0.9%
Nothern 17,976 72.8% 11.6% 8.4% 2.1% 5.1% 0.0%
Red Sea 29,143 0.3% 72.6% 1.8% 7.4% 17.8% 0.0%
Upper Nile 5,066 12.4% 1.1% 27.3% 0.4% 58.8% 0.0%
367,675 146,401 54,554 41,425 9,435 115,235 625
39.8% 14.8% 11.3% 2.6% 31.3% 0.2%Total
Source: Adapted from Battelle Institute (1979) 
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9.3. Research and Innovation in Indigenous Building Materials and 
Technologies in the Sudan 
Sudan, as many other DCs, is characterized by low figures of technological and scientific 
development indicators. The weak status of research is a major contributory factor in this 
regard. According to the CNS (1992-2002), the total expenditure on scientific research is 
estimated at 0.15% of total GDP compared to 2.8% in developed countries and 0.2% in the 
Arabs Region. The number of engineers and technicians is estimated at one for every 3,000-
5,000 of the population compared to one for every 20-200 persons in developed countries and 
one to every 1,000-2,000 persons in the Arabs countries. Estimates put the number of full time 
researchers at 2 persons for each 100,000 of the population in comparison to 700 and 17 
persons for each 100,000 of the population in the developed and Arabs nations respectively. 
Along with the low expenditure on research and development programs, lack of planning, 
organization and coordination between different research institutes and governmental 
authorities contribute to the weakness of technological capacity of the country (Ahmed A. A., 
2009). Some non-governmental groups were established to undertake research in different 
fields relevant to the construction industry. In 1977, the Sudanese Group for Assessment of 
Human Settlements (SGAHS) was founded by Prof. Omer Agraa and Prof. Adil Mustafa both 
were academic staff at the University of Khartoum. The members of the group included 
researchers, teachers and professionals, including Dr. Mohamed Yagoub Shaddad who later 
became the first dean of the faculty of Architecture, University of Khartoum. The group has 
conducted research on development of low income settlements in Sudan as well as main other 
Arab countries (SGAHS, 1991). 
In the Sudan, the CI in general and the BMI in particular lack adequate research and 
development programs. The CNS limits the strategic aims for the development of the 
construction sector only to the search for appropriate indigenous materials and developing 
designs to be adequate for expansive soil. Therefore, both the SCI and the SBMI are marginally 
considered in the national development plans by the government. Few research studies were 
undertaken to assess the possibility of introducing innovative materials, improving conventional 
ones and substituting some of expensive and imported materials by available low cost 
indigenous materials. Research on low cost building technologies and materials in the Sudan 
started since the early 60s, when the Building and Roads Research Institute (BRRI), University 
of Khartoum (U of K) was established. By the early 70s the National Council for Research 
(NCR) was established and afterwards developed into an umbrella for research institutions 
(Ahmed A. E., 2007). The main research achievements in building materials and technologies 
included research on the application of earth (rammed earth, compressed earth blocks (CEBs), 
and stabilized soil blocks(SSBs)), low cost roofs, low cost foundation, foundation in clay soils, 
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brick production using gas kiln, cement replacement with lime and pozzolana as well as 
research on block making machines. Few researches have focused on roofing systems. The 
use of Kenaf fibers reinforcement has been investigated by the BRRI in the beginning of the 
1980s. 
Most of the research carried out on building materials and technologies is limited to the 
application of few materials. The NCR (2002a) provides a list of publications and research on 
BMs in the Sudan during the period from the beginning of the 1970s to the end of 1990s. Only 
16 publications were listed during those three decades. In fact, the majority of these efforts are 
publications rather than real research activities. In addition to these researches a couple of 
other attempts have been made to demonstrate the benefits of applying specific materials in 
construction. Alagib and Adam (2001) published two handbooks “Compressed Stabilized Earth 
Block Manufacture in Sudan” and “Roofing Systems in Sudan” as part of a project undertaken 
by the United Nations Educational, Scientific and Cultural Organization (UNESCO) titled 
“Improvement of Educational Facilities in the Least Developed Countries of the Arab States”. 
The project was initiated to construct a school in El-Haj Yousif neighborhood in Khartoum using 
compressed stabilized earth blocks (CSEBs) technology. Both of the handbooks published 
demonstrate the methods of applying a specific technology and comparing its costs to other 
alternative methods. Moreover, most of these researches have focused on the application of 
limited materials (i.e. earth, lime, pozzolana…etc). The focus of almost all these researches 
was, mainly, on the economic aspects of applying those materials. No considerable attention, 
with the exception to very few researches, has been drawn to either the socio-economic impact 
or the environmental significance of the application of these materials or technologies. The 
intensity, level and quality of performed research clearly reflect the status of research and 
innovation in the application of building materials and technologies in the country. 
Technological capacity in the application of appropriate building materials and technologies, 
especially for housing, remains at a very low level as a result of the absences and/or 
ineffectiveness of knowledge dissemination channels. Most of the researches performed, 
regardless to their viability, remain lodged and hidden in the libraries of various ministries and 
institutions. Therefore, it is quite common to find that specific researches are repeated by two or 
even more entities as a result of this phenomenon. Lack of integrated and/or collaborative 
research between different universities, institutions and organizations hinders the dissemination 
of the results of researches no matter how good and valid the results are. Consequently, the 
practical application of research results and the possibility of adopting their recommendations 
will be limited. Ahmed (2007) noted that despite the significant amount of researches and some 
experiments on low cost housing, much of the work in this area has succeeded in limited 
projects.  
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9.4. Innovative Building Materials and Technologies for Housing in the Sudan 
A couple of researches in search for low-cost BMs for the housing sector have been conducted. 
These researches included materials and construction techniques. Earth technologies have 
received the highest attention amongst other building technologies. Recently, traditional earth 
construction technology has undergone considerable developments that enhance earth’s 
durability and quality as a construction material for low-cost buildings (Adam & Alagib, 2001). 
These developments include treatment of earth (ramming), mechanical stabilization 
(compressing) and/or chemical stabilization (cement, lime, gypsum, bitumen and pozzolana). 
Following are some of the technologies, including materials production technologies, which 
have been researched, innovated, or introduced to the Sudan recently. 
9.4.1. Brick Making 
Intermediate Technology Development Group (ITDG) now known as Practical Action is one of 
the non-governmental organizations that contribute to the development of indigenous BMs and 
knowledge sharing. In 1995, Practical Action launched a project in Kassala in eastern Sudan 
which aimed at improving brick quality, increasing energy efficiency and establishing production 
in order to meet the demand of urban markets. Brick-making around Kassala involves 
approximately 5,000 workers. Production is mostly in the hands of businessmen, who own or 
rent the land and reap the main benefits (ITDG, 2001). Practical Action began investigating 
brick production technologies and experimenting with alternative production processes, kilns 
and fuels, employing local people to work on monitored firing. It worked with a group of people 
from the village of Shambob to establish and manage their own brick enterprise. 
Much of the research on production has focused on increasing fuel efficiency and replacing 
wood fuel. A first attempt, to replace the traditional clamp kilns by a vaulted oil fired kiln did not 
produce satisfactory results. Changes to the fuels used in clamps were more successful; the 
use of cow dung, traditionally mixed into brick clays was further investigated and optimized. The 
cow dung is found to be effective in increasing the load bearing capacity and reducing the high 
shrinkage ratio of earth products. It is also partly effective in raising the binding capacity of earth 
particles as well as increasing the resistance of earth construction to wear and tear (Kateregga, 
1983). The use of bagasse, available as a waste material from the sugar industry in the region, 
was investigated as well. The loose form was mixed with clay and used internally during firing; 
the block form was used in the kiln tunnels as an alternative to external fuel: both gave good 
results. A small permanent Scotch kiln was built to achieve further fuel efficiency. The new kiln 
contributed to the reduction of labor involved in loading the bricks and the amount of firewood 
required. 
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The quality of bricks produced was also improved by better moulding and more controlled 
drying. Few demonstration structures were built with the improved bricks to highlight the savings 
in mortar and construction time that could be achieved by using more regularly shaped bricks. 
The incremental improvements in production technologies have led to increases in productivity 
as the new methods were also less exhausting. 
By the end of 1990s, the SOBMC launched a research project which aimed at investigating the 
possibility of using liquefied petroleum gas (LPG) for brick firing in substitute to wood. Similar 
researches were undertaken in other DCs in search for alternative sources of fuel for brick firing 
such as rice husk in India (Prakash & Ahmed, 1983). Experiments were performed to show the 
viability of using LPG in the production of red bricks. The research attempted to maintain the 
same designs of kiln in order to avoid any possibilities of rejecting the technology by brick 
manufacturers. The research findings reported that the firing costs were reduced by about 50% 
than otherwise wood was used (SOBMC, 2002). Despite the successful tests performed, the 
technology has not found its way for adoption and application.  
9.4.2. Rammed Earth 
Rammed earth walls were the first to be introduced among all the aforementioned 
developments. The National Council for Research (NCR) in conjunction with the Building and 
Roads Research Institute (BRRI) has conducted a research on the application of rammed earth 
during 1966-1982.  During their research on the application of rammed earth technology, the 
NCR and the BRRI built many prototypes including; office buildings, student hostels for 
Omdurman Islamic University and houses for the Real Estate Bank. The research was faced 
with some technical difficulties such as problems of ramming in the hot weather, quality control 
and surface finishing.  
The asphalt stabilized soil bricks (asphadobe) technology was introduced in the 80s through a 
housing project financed by the United Nations Industrial Development Organization (UNIDO). 
The UNIDO has contributed to the introduction of asphadobe blocks through a housing project 
which was aiming at building 200 houses in El Haj Yousif in the capital city. The project faced 
financial and technical difficulties resulting in the achievement of 16 units only. Shortage of 
appropriate grade of asphalt to operate the plant and the necessary technical skills were among 
those difficulties. 
9.4.3. Compressed Stabilized Earth Blocks (CSEB) and Stabilized Soil Blocks 
(SSBs) 
SSBs have received considerable attention in the Sudan for at least the past twenty years 
(ITDG, 1990). The NCR in collaboration with the Building Research Establishment (BRE) in the 
Chapter Nine 
Application of Building Materials and Technologies and Technology Transfer for Housing in the Sudan 193 
 
 
UK launched a comprehensive research program on soil stabilization using lime, cement and 
gypsum during 1979-1982. In 1991, the UNESCO financed a school project which was built 
using CESBs. The project involved many researches for low-cost building technologies 
including foundations in expansive soil, use of special stabilized soil tiles for floors, corrugated 
kenaf fiber reinforced sheets for roofing and the use of vaulted ferrocement roofing systems.  
Generally, soil blocks containing stabilizers show greater resistance to extreme weather 
conditions. Field tests at El-Haj Yousif experimental school have shown that walls constructed 
with CSEBs demonstrate good weathering properties The CSEBs was found to be very cost 
effective as the total saving made - in cost per square meter - was approximately 40% 
compared to conventional brick and block construction (Adam & Alagib, 2001). Similar findings 
were also reported in Kenya, where the average unit cost of CSEBs was approximately 20–70% 
less than concrete blocks, depending on the method of production followed (Zami & Lee, 2009). 
The CSEBs were produced by machines which work manually. 
Most recently, the interlocked stabilized soil blocks (interlocked SSBs) have been introduced as 
a technology for wall construction in the Sudan. Many governmental authorities (i.e., NFHR) and 
international organizations (UN-Habitat and UNDP) have adopted the technology as a means of 
meeting the deficit of housing provision. Similar to the CSEBs, the SSBs technology uses soil, 
which is stabilized by adding cement, as the main material. Interlocked SSBs are produced by 
hydraulic machines operating by fuel, particularly diesel. Block-making machines hydraulically 
compress soil that contains a small amount of clay and silt mixed with cement into soil cement 
blocks. When cured, these blocks can be dry-stacked with no mortar where the stability of the 
structure comes from the interlocking and the weight of the block (12 kg). Walling blocks consist 
of 6% cement whereas blocks used for the foundation contains higher contents of cement (8%). 
The blocks are usually cured for a period of about one week after manufacturing. The block 
dimensions are 22 x 23 x 11.5cm. Steel angles (2.5 inch) are usually used as lintels for doors 
and windows openings. The cost of construction using the SSBs is estimated to be less by 20-
40% than other construction materials (i.e., bricks). 
Most of the researches on the application of the above mentioned technologies demonstrate the 
economic viability of their application. However, as much of these researches were conducted a 
couple of decades ago, the costs might differ significantly from what they are today (NCR, 
2003). Therefore, it is important to consider the current conditions and draw conclusions 
accordingly. A recent report by UN-Habitat (2009d) indicates that the cost of a building using 
SSBs is cheaper than otherwise fired bricks and hollow concrete blocks are employed. The 
SSBs cost 53.8% and 8.9% less than fired brick and hollow concrete blocks respectively. 
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9.4.4. Kenaf Fibers Reinforced Corrugated Sheets 
Roofing technologies received less attention in research and development programs. Kenaf 
sand cement corrugated sheets were first developed by the Intermediate Technology 
Development Group (ITDG) in the UK and have been used with success for roofing in several 
overseas countries (Adam & Alagib, 2002). Kenaf is an annual fiber crop native to central Africa 
and closely related to cotton, okra, hibiscus and hollyhock. It grows in tropical and temperate 
climates and thrives with abundant solar radiation and high rainfall. Research into fiber-cement 
(FRC) technology has continued since the late 1970s at the BRRI. The BRRI, as part of its 
research program on roofs for low cost housing, has investigated the possibility of using kenaf 
fibers to reinforce rich cement-sand mortar to produce corrugated sheets (Fageiri, 1983). The 
research findings were assessed and were found promising to be applied. However, the 
application of those findings was very limited for two significant reasons. First, cement is 
perpetually in short supply in the Sudan especially in remote area where FRC products are 
expected to replace thatch roofs. Secondly, tiles or semi sheet roof coverings need substantially 
more timber supporting structure; timber is very expensive in the Sudan (ITDG, 1990). The FRC 
roof was used for the first time in Sudan for roofing classrooms of the El-Haj Yousif School 
which was completed in 1991 (Adam & Alagib, 2002). 
9.4.5. Ferrocement Vaulted Roof 
El-Haj Yousif school project has involved another new technology for roofing namely, 
ferrocement vaulted roof. Because of their light weight, ferrocement roofs can be constructed on 
walls built with mud brick, fired brick or SSBs. The roof is usually constructed using a steel 
formwork, circular in section. A reed mat is laid over the formwork, and a 20 mm thick sand 
cement mix is spread over the reed matting. A fine wire mesh reinforcement is laid over the soil 
cement layer then another layer of the same sand cement mix, about 30 mm thick, is applied 
over the whole section of the vault. Usually, the formwork is removed after seven days. With an 
ability to be cast into thin shell elements, Ferrocement opens possibilities which are not possible 
in conventional brick and concrete (Singh, 2007). The ferrocement roof has been found to be 
cheaper by about 10% than the traditional roof (Saeed, 2007). 
9.4.6. Earth-bag Technology 
A new low-cost technology - earth bag technology - was introduced in the Sudan for the first 
time in 2005 by Homes for Sudan - a non-governmental organization. Homes for Sudan was 
established in late 2005 for the purpose of contributing to capacity building of the Sudanese 
people and specially internally displaced persons (IDPs) through the teaching of a simple 
fireproof building method, namely the sandbags technology. The earth-bag technology, known 
also as sandbag or super-adobe, is a method that utilizes the earth as locally available and 
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relatively cheap material with alternative stabilizers to produce durable, economical, and 
environmental friendly buildings.  
The technology uses materials which are locally available: earth, sand, lime, cement, barbered 
wires, and polypropylene bags. The polypropylene bags are filled in place with the earth mix 
(85% earth + 15% lime/cement). The sandbags are laid in vertical rows where each row is 
tamped to compress the soil. Barbed wires are laid in between the sand bags for sheer 
strength. The structures are usually domes of a 4-6 meters diameter. Waterproofing vapor 
barrier is provided at the foundation and bags are painted with tar or locally available 
waterproofing product. Plaster is applied on the external skin of the building with a mix of 85% 
sand/earth and15% cement). The earth-bag technology could be employed to produce multi-
spaces buildings. 
9.4.7. Swedish Roof 
The Swedish Roof technology, which was firstly employed in the Swedish house in the 
International Park in Khartoum, is invented by Dr. Osman Elkheir – one of the owners of a well-
known private engineering consultancy company in the Sudan. The Swedish Roof technology is 
similar to the Jack Arch and the Libyan Arch which are combined constructions; concrete and 
iron or brick and iron. The Swedish roof consists of two layers of iron mesh with iron bars of a 
length that varies according to the total span, yet is limited to short spans. A layer of brick is laid 
in the area between the two iron wire mesh with an external and internal layer of plaster as a 
final finishing layer. One of the characteristics of the brick is that it is a high thermal mass which 
delays the heat transfer during daytime making it suitable for the climate of the Sudan. The 
purpose of the Swedish Roof technology is to minimize the cost of construction by minimizing 
the amount of cement, concrete, and reinforcement used in the conventional reinforced 
concrete slabs.  
9.4.8. Graded Sand Mix (GSM) 
The graded sand mix (GSM) technology for the construction of walls was invented and 
introduced by Dr. Ahmed El-Goni who registered it at the Sudanese Intellectual Property. The 
technology is employed for constructing walls and fences with a mix of graded sand which is 
available in most parts of the country in addition to cement, additive materials, thermal insulation 
materials, and crack-resistant materials. Raft foundation, using the same mix of fiber or 
reinforced concrete, is usually selected as an alternative for the foundation. The mix is casted in 
a formwork for the whole walls of the building with voids for its openings. Metal or plastic 
formwork can be used. The plastic formwork is not available locally, thus it is imported. Usually, 
the walls are of 10 cm thickness. Steel reinforcement bars are laid horizontally at one meter 
vertical spacing. Additional reinforcement could be laid above the openings. Vertical 
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reinforcement might be required at the openings and corners. Alternatively, steel reinforcement 
could be substituted by fiber which acts as thermal insulation as well. Each one cubic meter of 
the mix requires 2-3 kg of fiber which is imported. The most critical stage in the construction 
process is the preparation of the formwork. The formwork should be erected according to the 
architectural form and the accurate dimensions of the design. The formwork on both sides of the 
wall should be tied to each other using joint screw nails as connectors. The metal formwork 
requires fewer connectors than the plastic formwork (a ratio of 1:9). The viability of this 
technology has not been proved yet, therefore, its suitability to the country remains unknown. 
9.5. Transfer of Knowledge about Appropriate and Innovative Building 
Materials and Technologies for Housing in the Sudan
As been mentioned before, research on appropriate and innovative building materials and 
technologies in the Sudan has started a couple of decades ago. Almost all the researches have 
focused on low-cost BMs in an attempt to reduce the cost of housing construction. Thus, 
considerable attention has been drawn to the construction of walls and roofs as the most 
important building elements contributing to its total cost along with foundations. Earth 
technology received more research efforts than other materials and technologies. Some of 
these researches were aiming at the improvement of some indigenous materials and the 
methods of construction corresponding to them while other efforts attempted to introduce new 
innovative materials and building technologies to the construction industry of the Sudan. Most of 
these researches were applied practically either in pilot projects or in projects for a specific 
group of interest. No doubt, the application of new technologies in real life projects help 
disseminating the knowledge about that technology thus resulting in its improvement and 
development. Generally, most of these researches were applied either directly or indirectly 
through international organizations (United Nations, UNDP, UN-Habitat, UNESCO, 
UNIDO…etc) and non-governmental organizations (Practical Action, Homes for Sudan, 
Sudanese Organization for Building Materials and Construction (SOBMC)…etc). Research 
institutions are recruited by these organizations and/or governmental authorities to answer the 
needs for a specific construction problem through research. It is quite obvious that most of the 
researches on building materials and technologies marginally involve the private sector. Some 
attempts for applying, disseminating and transferring knowledge about the outcome of these 
researches as well as introducing new and innovative technologies, which are believed to be 
appropriate to the Sudan, are demonstrated below. These examples are based on case studies 
conducted for the purpose of this research to demonstrate the extent of effectiveness of 
technology transfer in the provision of housing as well as identifying the tools of its application. 
Chapter Nine 
Application of Building Materials and Technologies and Technology Transfer for Housing in the Sudan 197 
 
 
9.5.1. Mud Bricks (Timber-less Houses) 
In 2006, Practical Action launched a project aiming at availing shelter for the IDPs who fled the 
conflicts areas in Northern Darfur. The project was supposed to assist the IDPs, upon their 
return, in building and rebuilding their houses in a durable manner as permanent shelter. The 
project aimed to overcome the problems of BMs availability, lack of skilled labor, and the 
environment which has been exhausted and deteriorated with wood also being used in vast 
quantities for brick burning. It was estimated that a one third of the forest in Darfur was lost 
between 1973 and 2006 (UN-Habitat, 2009d). Hence, Practical Action built a demonstration 
model in search for a suitable shelter for its prospect users. The organization introduced the 
mud dome house as an alternative house for the returnees instead of timber. The same 
technology was disseminated under the name “Woodless Construction Programme” in West 
Africa in Burkina Faso, Mali, Mauritania and Niger as a response to the declining availability of 
organic resources used in construction. Over the years, through training and demonstration, 
skills have been developed to ensure technical and organizational sustainability: local builders 
use the "Woodless Construction" techniques and their acquired skills to build for their own local 
clients using local resources (Norton, 1999). 
The house was circular of two meters radius, and mud-bricks were used for constructing the 
walls as well as the roof. The construction of the demonstration model involved many stages 
including: site preparation; brick making; marking the foundation; building the foundation; 
building the walls; building the arches for doors and windows using a steel ring; plastering the 
base (with cement sand); building the roof (Nubian Domed Roof); plastering the roof (sand-
asphalt mix); plastering the walls on the outside (sand and mud or lime); plastering the inside 
walls (sand and gum Arabic mix); floor (sand); and assembling doors and windows. 
The organization held many activities as part of the project and the acquisition of knowledge 
and skills. These activities included: 
Survey: in 2006 in Abu Showk IDP camp in El-Fashir to identify building designs and 
types of materials used by the IDPs in their home villages.  
One day workshop: convened in El-Fashir in the beginning of 2006. The participants 
were 56 persons representing government institutions, local NGOs, INGOs, UN 
agencies and IDPs community leaders. 
Training program: consisted of theoretical and practical parts to help the returnees 
building permanent houses depending on local materials, labor and skills. To this effect 
70 trainees were selected and received training for 21 days on alternative building 
designs and BMs. The training finished with the completion of four demonstration 
housing units which were different in design and utilized different BMs. Through this 
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technical training period in construction of this timber-less house, some of the trainees 
gained the skills that assisted them in creating job opportunities that provide a source of 
income. Such training programs ensure a sustained level of acquiring knowledge and 
practice. 
9.5.2. Earth Bag Technology 
After a trip to Darfur in 2005, the founder of the Homes for Sudan - Dr. Marie Besançon - 
introduced sandbag technology as a good solution for safe sustainable houses for the IDPs to 
return and rebuild their villages in Darfur. A demonstration model in Khartoum triggered the 
introduction and application of the new technology. Three Engineers took the responsibility of 
the construction of and the enlightening on the technology, namely Dr. Marie Besançon, 
(founder/director), Kathryn Courteau (project architect) and Hooman Fazly (project architect). 
The technology was introduced to the professionals and the community through different 
channels including: 
Lectures and seminars: A number of lectures and seminars were presented to 
introduce the technology and its application. 
Demonstration model: the demonstration model, located in the International Friendship 
Park, aimed to introduce the technology where the workers and participants who were 
involved in the project got to know the technology and acquired the basic knowledge 
about its application and requirements. 
Training: On-job training was fulfilled through the application of the technology in the 
demonstration where a number of engineers and workers were involved. 
Homes for Sudan introduced the same technology in southern Sudan and Darfur. The 
organization held a couple of training workshops and public lectures to introduce the technology 
and train the builders. A design of a school adopting the same technology is proposed and 
ready for construction in Darfur. 
9.5.3. Compressed and Stabilized Soil Blocks 
The technology of earth construction has been extensively researched and applied. Adam 
(2007) listed the main research efforts in regard to the application of CESBs. As part of its 
research program on soil stabilization, the NCR attempted to transfer the technology to various 
parts of the country. Therefore, block-making machines were manufactured locally in order to 
avail the equipment necessary for the technology. However, this approach has adversely 
affected the adoption of the technology as the machines were poorly manufactured resulting in 
the production of poor-quality blocks. Generally, the stabilized earth blocks technology is the 
most widely applied technology among other new technologies introduced to the Sudan. It has 
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been adopted and applied by many governmental authorities and organizations. The first wide 
application of the production and use of stabilized soil blocks was experienced in the 
construction of El-Haj Yousif model school which was funded by the UNESCO. The same 
technology was employed for the reconstruction of Dongola in northern Sudan which was 
seriously destroyed by the floods of 1998. More than 30 block machines were employed in the 
construction of more than 20 km length of walling. The reconstruction at Dongola attracted the 
management of Dongola University to use SSBs for building eight senior staff houses. SSBs 
were used to construct two tourist compounds; the first was in Bejrawia tourist village northern 
to Khartoum and the second was in Dinder National Park tourist village. Twelve houses were 
constructed using SSBs for police staff housing in Abuseed in Khartoum. Another school, Holm 
English School, was built in SSBs. The project was considered as one of the biggest projects 
executed in this technology. The total cost of SSBs in all these projects was found to be less 
than that of fired brick technology.  
The UN-Habitat reported that fired bricks continue being the preferred construction materials in 
Darfur and are widely used, with serious environmental and social consequences. Therefore, as 
part of the UN agencies efforts to apply woodless buildings and to facilitate shifting from fired 
brick to SSBs, the UN-Habitat, has launched a project in 2008 intending to introduce the SSBs 
technology in the regions of Darfur. The overarching objective of the project was to raise 
awareness of and build consensus on the adoption of alternative building technologies. SSBs 
technology has been identified as the most viable alternative technology for the reconstruction 
challenges facing the returning population in Darfur (UN-Habitat, 2009d). The UN-Habitat 
performed a couple of training workshops to train the trainers in order to facilitate the 
dissemination of skills in the major cities, towns and villages in Darfur. More than 1,800 persons 
received training - training of trainers and on-the-job training - at the pilot demonstration 
buildings and public utilities built employing the technology. These projects included 14 SSBs 
workshops, 19 latrines, 44 classroom, six houses, two boundary walls and one clinic. 120 SSBs 
machines were purchased and imported for the project. The project covered the cities of Nyala 
Zalengei, Geneina, El-Fashir and some villages. Table  9.4 shows the mechanisms of 
disseminating the technology and presents their corresponding number of trainees. The project 
involved the State Ministry of Physical Planning and Public Utilities (SMPPPU) in Nyala, local 
academia, local NGOs, and International NGOs (Table  9.5). 
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Table  9.4: Training and pilot demonstration buildings (PDB) per regions in Darfur 
performed by UN-Habitat 
Area Training 
of trainers
On-job 
training Total PDB 
Nyala 410 240 650 11 
Zalingei 
147 150 
177 2 
Geneina 120 9 
El-Fashir 263 225 488 16 
villages 60 320 380 48 
Total 880 935 1815 86 
Source: UN-Habitat (2009d, p. 9) 
Table  9.5: Training and pilot demonstration buildings (PDB) per implementing partner in 
Darfur performed by UN-Habitat 
Area Training of 
trainers 
On-job 
training 
Total PDB 
Local academia 550 199 749 16 
SMPPPU 270 216 486 14 
Local NGOs 0 300 300 17 
International NGOs 60 220 280 39 
Total 880 935 1815 86 
Source: UN-Habitat (2009d, p. 10) 
Another attempt to overcome the problems of providing the poor with adequate shelter has 
been made by UN-Habitat in Khartoum. The organization helped the residents of El-Rasheed 
village in Jabal Awlia locality, which was selected to settle the inhabitants of the squatters of 
Soba and Al-Salama, building their homes. The targeted group was mostly of the poor who 
were living in illegal settlements and were unable to develop their properties in an adequate 
manner. Thus, the group received the attention and support of the UN-Habitat. At the beginning, 
six demonstration houses were built to convince the prospect users on the viability of the 
CSEBs. Block-making machines were imported from Kenya at a cost of around $1200 per 
machine. A single manually-operated machine produces about 6,350 blocks every six hours. 
Every five households were sharing a machine and using it interchangeably. The UN-Habitat is 
aiming at producing these machines locally in order to reduce the costs of production. As part of 
the project, about 450 workers received training for a period of 18 days on the application of the 
technology. The training included the preparation of the mix and the use of the machine as well 
as its regular maintenance (Rayaam, 2010). 
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9.5.4. Interlocking Stabilized Soil Blocks 
The interlocking SSBs, as a newer version of stabilized blocks technology, has been adopted 
and applied in many parts of the country mainly in: Malakal (South), Kassala (East), Nyala 
(West) and Khartoum (Center). The technology was employed in southern Sudan for the 
construction of a building for the UNICEF in Malakal in 2006. Two private houses were 
constructed to introduce the technology in Khartoum North in 2007 and 2008. Under the 
supervision of Dr. Ahmed Al Goni, who reserves the rights for the application of the technology 
which was developed by Hydraform Company in South Africa, a training workshop was 
organized targeting the workers of Qatar Charity Organization (QCO) in Khartoum in 2007. A 
prototype model was built in Nyala for the Resettlement and Rehabilitation Commission (RRC) 
in Nyala. A house model of interlocked SSBs was constructed in Khartoum in 2008 for the 
NFHR to show the viability of the technology. 
A project including 30 houses, 3 schools with dormitories, health center, mosque, and police 
station was built in Kassala employing SSBs technology. The project was part of a donation 
made by the Qatari government to rebuild two villages and complete the regional road that links 
the Sudan and Eritrea. It aimed at providing adequate housing for the inhabitants of El-Laffa 
village near Kassala in Eastern Sudan which is dominated by the Bany-Aamer tribe of eastern 
Sudan. The pre-mentioned regional road passes through the village. Hamdi Group was the 
consultant of the project which was executed by Eimar for Developed Building Systems in 
collaboration with Dr. Ahmed El-Goni. The project commenced in December 2008 and was 
finished in March 2010. It involved about 200 workers from the local community who were 
trained to apply the technology. Twenty six workers from Ethiopia, who were familiar with the 
technology in Addis Ababa, were engaged in the project to help training the local labors. A 
number of public lectures and seminars were organized to communicate the technology to 
architects, engineers, and contractors. All the project units were built using stabilized soil blocks 
SSBs for walls with the interlocking system without mortar. Stone is used beside SSBs for 
foundation with a reinforced concrete grade beam. While corrugated iron sheets were used for 
the roof with steel truss. Six block-making machines were imported from South Africa and 
transported from Khartoum to the site. The project benefited from the availability of suitable 
sand mix adjacent to the site by where El-Gash seasonal river passes. 
Another housing project was executed in December 2009 employing the interlocking SSBs in 
Southern Darfur state in Fasha village near Nyala. The project was donated by the Kuwaiti 
Government and funded jointly by the International Islamic Charitable Organization (IICO) and 
the Kuwaiti Joint Relief Committee (KJRC). The project, which involved eight engineers, aimed 
to build 40 housing units for the residents of the village. The village, in which coal making is the 
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main economic activity, lacks the basic human needs and services such as water and electricity. 
The project helped providing the village with potable water. 
The National Fund for Housing and Reconstruction has launched a housing project since March 
2010 to provide adequate and affordable housing for the inhabitants of Southern Darfur state. 
The project is located in Gad Al-Haboob village in the northern part of Nyala city. The project 
consists of 800 housing units developed for the state employees. Five Contactors are involved 
in the construction of the initial phase. All the contractors, except one - a company that applies 
SSBs technology - are applying red bricks for walling. Only Shiryan Al Shimal Company jointly 
with Taja Engineering Company are executing the project using SSBs technology. Ali Elkheir & 
Sirag Company is acting as the consultant for the project. Each housing unit is composed of two 
bed rooms and two verandas with a total built area of 70m2. The labors are recruited from the 
Otash camp for IDPs near Nyala. Most of the labors were women (more than 60%). Three 
engineers and two artisans are familiar with the technology from similar projects (i.e., Qatari and 
Kuwaiti villages projects). Seven more engineers who have received training to apply the 
technology are engaged in the project. A couple of public lectures and seminars were organized 
to communicate the technology to architects, engineers, and contractors. 
9.5.5. Graded Sand Mix (GSM) 
The GSM technology was applied for the first time in the Sudan in 2008. A project was initiated 
to build a school, which included eight classrooms, four offices, and 80 ml fence, in El-Mayrum 
in Kordofan. The project started in February 2008 by building one school as a model. After the 
technology turned to be successful, a number of 29 schools were built in different localities of 
the region. As part of his efforts to introduce the GSM technology as a possible alternative for 
walls construction, Dr. Al Goni has applied the technology in the construction of residential 
buildings located in Al-Abbasya neighborhood in Khartoum. The project is a small space part of 
a private-owned house. After the construction was completed, the building was considered as a 
demonstrative example for an innovative technology for walls. Another private-owned house in 
Dardoug East neighborhood in Khartoum North was built using the same technology. A model 
house was built in Juba as well in 2010. Seminars and public lectures were organized to 
communicate the technology to architects, engineers, contractors and the public. One of these 
activities took place in Al-Abbasya where the demonstration model is located. 
9.5.6. Ferrocement Roofing 
According to Adam (2007), ferrocement roofing technology has been applied in a number of 
projects. The technology was employed in the projects of El-Haj Yousif model school, Dongola 
reconstruction project, University of Dongola staff housing project, El-Bejarawia tourist village, 
Dinder national park tourist village, police staff housing project in Abuseed and Holm English 
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School. The technology was also applied for the construction of eight basic schools in Southern 
Darfur State in Shataya and Gardoud villages as well as for women development centers in 
Kassala, El-Gadarif and El-Fashir. 
In 2002, Practical Action executed a project which is carried out as part of its efforts for 
improving shelter in the camps for the IDPs in Kassala. Practical Action focused on cheap or 
low-cost housing through minimizing the amount of materials and costs. Therefore, the target 
was to use the commonly available, energy intensive materials like cement and steel but in a 
highly efficient manner thus saving scarce material resources. A model, composed of two bed 
rooms, kitchen with a lobby and a verandah, was built. To involve the target group in the project 
implementation, Practical Action helped in the establishment and formation of Sawa Sawa and 
Kada Self Help Groups for housing. A participatory approach had been followed to reach a 
consensus on the agreed upon model. The following points illustrate how the project had come 
into being:
Workshops: in 2002, two workshops were organized to address adequate, appropriate 
and affordable housing issues. The participants of the workshop included; concerned 
governmental institutions, academic institutions, non-governmental organizations 
(NGOs), community based organizations (CBOs), civil society organizations (CSOs) and 
private sector 
Survey: a market and quantity survey was conducted to ensure the viability of the 
vaulted roof compared to the traditional (baladi) roof. 
Participatory approach: a set of alternative designs were discussed thoroughly with the 
community members, artisans, builders and local consultants from Kassala town. 
Besides, the community was engaged in the production of local building materials. 
Training: Practical Action provided training for 21 builders to help establishing their work 
to build houses of similar designs. 
Demonstration Models: The project involved building two houses to demonstrate the 
new type of housing in Kassala. 
9.5.7. The Swedish Roof 
The technology of the Swedish roof has been transferred and diffused through the efforts of 
some structural engineers who are working as local contractors by applying the technology on 
their own private projects. The simplicity of the construction methods makes it easier for workers 
to absorb, apply, and develop the technology since that all the tools are locally available and the 
techniques and know-how are part of the endogenous knowledge of construction in the country. 
Additionally, a number of seminars and public lectures were organized to introduce the 
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technology to other professional as well as to the public. However, few publications have 
highlighted innovations in construction in the Sudan, and this is, to some extent, one of the 
reasons that hamper the awareness and transfer of new technologies. Only one Journal - the 
Building and Roads Research Journal - has published an article about the Swedish roof 
technology. This article is the only documentation for this innovation. Training by practice was 
also useful in transferring the technology; few local contractors, who worked with Dr. Elkheir, 
absorbed, applied, and developed the technology through practice. 
9.6. Problems of Transferring and Disseminating Knowledge about Innovative 
and Appropriate Building Materials and Technologies in the Sudan 
Despite all the attempts been made by different entities to disseminate knowledge about the 
application of innovative and improved traditional technologies, most of these technologies have 
not found their way for application on a wide scale. The application has been limited to few 
projects and demonstration models constructed for testing or introducing a technology. Most of 
the efforts made to transfer building technologies for the housing sector in particular are carried 
out by international organizations and NGOs. The efforts made by these organizations focus on 
areas of conflicts and crisis such as Darfur, southern Sudan and eastern Sudan. The UN 
agencies have made significant contributions in this regard. Other organizations such as 
Practical Action have worked on the improvement of some BMs and the dissemination of 
knowledge about new and innovative building technologies. Individual engineers who are 
interested in low-cost BMs and technologies for housing have contributed to the invention of 
new materials and technologies as well as the improvement of traditional methods of 
construction. Research institutes in the Sudan play a pivotal role in introducing, testing and 
evaluating new building materials and technologies. However, most of the researches carried by 
these institutes are performed in isolation of each other with each institution performing its own 
research program while marginally considering other institutions programs and/or results. 
The problems that might probably be hindering the process of transferring successful 
technologies in building to DCs are manifold. For instance, as in many other countries, SSBs 
technology, which appears to answer many of the walling problems, has not been widely 
adopted although much research was performed and many demonstration projects have proven 
the viability of the technology (ITDG, 1990). The dissemination of SSBs technology, despite its 
suitability to the country, has failed so far in the Sudan. Similarly, many difficulties are 
confronting the transference of technology about innovative and improved materials and 
technologies of construction in the Sudan. 
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On the top of these factors comes the weak role of government in adopting, financing and 
encouraging the application of research results on a wide scale. However, the situation is not 
exclusive for the CI. The expenditure of the government on research in general is very low. The 
public investment in training, education and R&D programs is very low. Additionally, the country 
lacks the technological capacity that facilitates the transfer of knowledge and the dissemination 
of research results. The neglect of building local technological capabilities seriously affects the 
ability to employ imported technologies effectively and efficiently 
The SCI is characterized by a weak structure that allows the introduction of any materials or 
technologies for construction no matter how appropriate they are. There is no a single entity that 
is responsible for the screening, testing, evaluation and approval of new materials to be used for 
construction. The existence of such a central body would facilitate the dissemination of 
knowledge about new and appropriate materials to be adopted and applied. 
Besides, the role of the private sector, which dominates the SCI, is very poor in research on, 
adoption, application, and dissemination of appropriate technologies. The sector marginally 
takes any initiative for the development of traditional appropriate materials. The investment 
made by the sector in this regard is almost negligible. Local contractors, in order to avoid risk 
and keep their reputation, are reluctant to apply and adopt new technologies unless these 
technologies are widespread and turn to be successful. Therefore, most of the performed 
researches results remain in libraries and cabinets of research institutions. 
As been mentioned before in chapter ( 3), most of the housing provision activities are carried out 
by the informal sector. Consequently, targeting the informal sector, when introducing new 
technologies and/or materials, is paramount to the success of transferring those technologies. 
Furthermore, the owners through their life savings finance most of the construction costs of their 
houses. Consequently, the owners are usually reluctant to expose themselves to the risk of 
applying new technologies. In contrary, they prefer applying the traditional technologies they 
have been practicing for decades or technologies they have tested by themselves even if those 
technologies turn to inappropriate. This situation creates a gap between research and 
application where no chances appear to disseminate a technology through application. The 
weakness or even the non-existence of linkages between the enterprises in the CI and various 
agents further aggravate the situation. Therefore, technological capabilities building takes place 
on non-durable basis and gets easily lost when successful technologies are not diffused and 
assimilated. Each of the SCI stakeholders performs on its own without any collaboration, 
cooperation or coordination with other parties.  
Some appropriate materials and technologies which are locally available, affordable, and 
applicable might not be socially acceptable. For instance, it is quite difficult to convince the 
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society to apply earth technology. Earth is perceived to be a building material for poor. Hence, 
research on social acceptability should go in hand with the research on technical aspects in 
order to ensure the availability of a market for tested materials. Therefore, technology transfer in 
building with local materials and building technologies (i.e., earth) is hindered by the association 
of these materials with poverty and low-socio-cultural status as a symbol of low societal status. 
The transference of some building technologies and methods of construction have been 
adversely affected by the shift from focusing on absorbing, digesting, adopting, and 
disseminating knowledge about those technologies to the intention of reducing the costs of 
these new technologies. The shift towards producing the machineries and equipments used in a 
technology before the absorption of the technology itself may possibly lead to the failure of 
successfully introducing that technology on a wide scale. In the case of CSEBs, for example, 
the NCR with the intention to reduce the costs of production of blocks had started 
manufacturing the block-making machines before the viability of the technology was 
communicated and the prospect users were convinced. The produced machines were of poor 
performance producing blocks of inferior quality. Therefore, when an opportunity appeared to 
the extensive application of the technology involving thousands of houses in Dar Al-Salam 
neighborhood in Omdurman and Al-Kalakla neighborhood in Khartoum, the projects were 
aborted due to the inefficiency of compressing machines as well as managerial complications 
(Ahmed A. E., 2007). The technology has been applied mainly in Khartoum and few other cities 
around the country. Till now, it cannot be said that the technology has been effectively absorbed 
and applied. 
In conclusion, it appears that the SCI lacks awareness of the benefits associated with the 
transference of knowledge and technologies. The government, on the highest level, does not 
support the search for or the dissemination of knowledge about appropriate building materials 
and technologies. TT can be exploited to improve the production of some materials and develop 
new capacity in others. It is the role of professional institutions to educate the government, 
professionals, and the public about the possible benefits to gain from TT. It is necessary to 
establish a national professional body to bring together all the organizations, institutions, 
corporations, companies as well as individuals. Such a body will help facilitating the exchange 
of information and experience with the aim of arriving at better alternatives for building materials 
and technologies. It will help improving standards and specifications and provide training and 
capacity building programs. The first responsibility of this body is to raise the awareness of the 
benefits of TT and sharing of knowledge. SOBMC has been founded as an NGO for his purpose 
however, its role was weak. This research has developed a model that depicts the magnitude of 
raising the awareness of the benefits of TT on the effectiveness of transferring technologies 
through TT networks (see section 12.9). 
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9.7. Conclusions 
This chapter provided some information about the commonly applied building materials in the 
Sudan for housing. It reviewed the research in developing LBMs as well as efforts for applying 
innovative building materials and technologies. The review revealed that the intensity, level and 
quality of performed research are reflected in the poor technological level of the SCI and the 
SBMI. Case studies were conducted to emphasize the role of TT in introducing innovative 
building materials and technologies for low-cost housing. NGOs are believed to be active actors 
in transferring technology for construction in regard to other stakeholders. The governmental 
authorities are marginally involved in the process. The problems of transferring and 
disseminating knowledge about innovative and appropriate building materials and technologies 
in the Sudan are broadly demarcated. It is highly recommended to establish a national 
professional body for screening, testing, transferring, adapting and adopting appropriate 
technologies for housing in the country. 

  
 
 
 
 
 
 
 
 
 
 
10. Chapter Ten: Comparative Analysis on Selected Building 
Materials and Technologies for Housing 
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10.1. Introduction 
The shortage of adequate housing is prevalent in most countries over the world (Kateregga, 
1983) like the situation in African countries where demand has always outstripped supply. The 
demand for housing is more critical in the main urban centers (Hammond, 1983). Cost of 
construction is always the main concern of the provision of affordable housing. Sudan, as many 
developing countries faces many problems in availing shelter especially for the low income 
population. In search for resolving the problems of housing in the Sudan, the government 
launched the national project for housing and reconstruction “Shelter for All” in March 2008. The 
National Fund for Housing and Reconstruction (NFHR) has been established under the 
umbrella of this project to take responsibility of setting the core strategies for housing in the 
country. The NFHR is concerned with the search for economically affordable materials and 
alternative technologies. Different materials and building technologies have been introduced to 
the NFHR as convenient for low-cost housing in the Sudan. These alternative materials and 
technologies need to be evaluated to assess their appropriateness to the Sudan in terms of 
economical viability, financial affordability, environmental impact and performance and 
applicability. This chapter demonstrates the evaluation of some of these alternatives and put 
them into comparison. The results of this analysis will help the NFHR in the decision making 
regarding the adoption of most appropriate alternatives to adopt and disseminate. 
10.2. National Fund for Housing and Reconstruction in the Sudan (NFHR) 
In March 2008, the president of the Sudan launched the national project for housing and 
reconstruction “Shelter for All”. The president adopted the provision of housing for the residents 
of the entire country within all income groups. The project aims at the implementation of 
comprehensive renaissance in the urban environment and the achievement of sound physical 
planning fulfilling the best utilization of land. Besides, the project is concerned with the provision 
of adequate, affordable, and comfortable housing for the middle and low income population. For 
the purpose of achieving the goals of the project, the National Fund for Housing and 
Reconstruction (NFHR) was established. The main objectives of the NFHR are to: 
• contribute to the process of urban planning and setting of strategies through the 
cooperation with other authorities at the national and states levels. 
• coordinate and cooperate with funds for housing and reconstruction on the states level.  
• obtain loans and grants for the Fund's projects. 
• encourage financing for housing and reconstruction on national and states levels. 
• contribute to the research on and development of building materials and the application 
of local materials in construction and building. 
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• reduce the construction costs through refunding of taxes and duties imposed on cement 
and steel. 
A committee, headed by the Minister of Finance and National Economy, is formed to manage 
the fund, run its affairs, and exercise the powers which enable it to achieve its goals. The 
Secretary-General of the NFHR is the chief executive officer of the fund, and is responsible for 
running the financial and administrative affairs of the fund beside the implementation of policies 
decided by the directors of the fund. 
10.3. NFHR Projects: A Search for Appropriate Building Materials and 
Technologies 
The right choice of materials to be used in construction has to happen in a conscious way, 
considering the distance from production locations, transportation, thermal and acoustic 
performance, initial and running costs and the operation and maintenance easiness (Marques & 
Salgado, 2007). Appropriate technologies are those technologies responding to the local 
environment, resources and economic needs. The development of new materials and 
technologies in DCs needs to take into account the fact that the majority of the population is 
poor with very limited investment capacity (du Plessis, 2002). 
As part of its objectives to reduce construction costs for housing, the NFHR invited contractors, 
building materials suppliers, and building technologies providers to build demo houses in the 
green valley neighborhood in Khartoum. A couple of different materials and technologies have 
been introduced (Table  10.1). The objective of these demo houses was to help the NFHR 
adopting a list of alternative materials and technologies which proof to be affordable and 
adequate for the housing of middle and low income population. 
Table  10.1: List of alternative building materials and technologies introduced to the 
NFHR 
Walls Roofs Floors
Red Brick Concrete (Conventional) Plain Concrete 
Cement Blocks Pre-Cast Concrete Cement Tiles 
Stabilized Soil Blocks  Jack Arch Ceramic Tiles 
Hollow Red Blocks Sandwich Panel  
Stone Blocks Steel Sheet Roofing Doors &Windows
3D Panel Onduline Locally Manufactured Steel Ds & Ws 
Light Concrete Corrugated Iron Sheets Imported Steel Ds & Ws 
 PVC Roofing  
Source: NFHR (2008) 
The engineers at the NFHR performed a comparison between these alternative technologies 
based on economic aspects and cost effectiveness. The methodology followed in the analysis 
was based on cost information provided by different contractors. The alternative materials and 
technologies introduced to the NFHR focused on four components of the house. These 
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components were: walls, roofs, floors, and doors and windows. The subject study will focus on 
the materials and technologies employed for walling and roofing since they represent the 
highest share in the construction cost beside their high significance in terms of environmental 
performance. 
10.4. Analysis Criteria for the Evaluation of Selected Building Materials for 
Housing in the Sudan 
Referring to the Köppen climate classification and according to the geographical location of the 
Sudan (between latitudes 3° and 22° N), the country is generally classified as an arid hot and 
dry climate. In the Sudan, given its climate characteristics, blocking solar radiation and 
minimizing solar gains should be considered among the main design criteria to be met for a 
totally environmental-building. Thus, avoiding heat gains by buildings is preferable. The 
maximum amount of heat gains is attributed to the building skin which consists of the materials. 
Walls and roofs are the important elements of the building envelope that are directly affected by 
the solar radiation, which is responsible for a large portion of heat gains in buildings. Minimizing 
heat gains can be obtained by applying appropriate materials for different components and 
elements of the building envelope. The selection of building materials should be put into 
consideration from the early stages of the design process. According to Moon (2007), there are 
efforts to create buildings that do not require external energy to heat, cool, or power them. Thus 
materials with low embodied and operating energy are considered environment-friendly and 
meet sustainable construction criteria. 
According to Gruhler (1998), the phase of use during the life of building components could 
possibly be of greater importance than the merely product. The energy needed for operating of 
dwellings accounts for about 85-95% of the energy use (Thormark, 2002). As far as energy use 
is concerned, the thermal performance of a building is a major determinant of the amount of 
energy required to operate that building. The energy consumed during the operational life of a 
building/facility is mainly attributed to the type of materials used in its construction. The amount 
of energy consumed during the process of the conversion of raw materials to manufactured 
construction products is important to assess the load a specific material imposes on the 
environment. Additionally, the production of materials imposes further burdens on the 
environment through GHGs emissions associated with processing and transporting those 
materials. 
The following analysis focuses on the performance of different materials used (or introduced to 
be used) for walling and roofing in terms of thermal performance and their impact on the internal 
environment of buildings. The better the performance of a material the less the load it imposes 
on the environment in terms of heating and cooling loads. The analysis will consider the initial 
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embodied energy and GHGs emissions associated with each material as well as its cost. For 
the purpose of analyzing the appropriateness of the suggested building materials and 
technologies, sets of alternatives (walls and roofs) have been selected interchangeably. The 
objective of the underlying analysis is to evaluate the thermal performance of the selected 
alternatives and their implications on the internal environment. 
One of the most effective means of reducing a building’s reliance on external grid power is to 
reduce energy use as a whole. Increasing reliance on natural lighting and passive heating and 
cooling are some of the most effective ways of reducing energy consumption in a building. 
Heating and cooling buildings contribute to more energy usage than any other aspects of a 
buildings use. Consequently, the choice of building materials is one of the most important 
aspects that determine the performance of a building and thus its level of sustainability (Moon, 
2007). This study adopts the following criteria to compare between different materials 
recommended and/or introduced to the NFHR; 
10.4.1. Annual Cooling and Heating Loads 
Annual cooling and heating loads are the total amounts of loads - throughout the year- required 
to cool/heat a space to be within the thermal comfort band (18°C to 26 °C). Cooling and heating 
loads per unit of area represent the amount of loads required to cool/heat one square meter of 
the building (Wh/m2) during one year. It should be noted that these are heating and cooling 
loads, not energy loads. However, the higher the heating and cooling loads the more energy will 
be required. Materials with less heating and cooling loads are preferred to materials with higher 
loads. 
10.4.2. Hourly Heat Gains 
Hourly heat gains present the magnitude of all the different heat flow paths acting on a thermal 
zone in a model over a 24-hour period. The amount of heat gained by the building in the hottest 
day of the year (20th of May) provides information on the thermal performance of materials and 
their ability to maintain a thermally comfortable internal environment. 
10.4.3. Passive Heat Gains and Losses Breakdown 
Passive breakdown of heat gains and losses gives an indication of gains and losses attributed 
to different ways by which a building interacts with the solar heat. Gaining or loosing heat by a 
building is attributed to differentials in air temperature between inside and outside the space. 
The breakdown of these loads shows the percentage of heat gains and losses attributed to 
different ways of gaining or loosing heat. In addition to the overall air-conditioning load (if air 
conditioned) the heat gains and losses loads are attributed to: (a) conduction loads through the 
fabric (Fabric); (b) indirect solar loads through solar gains on opaque surfaces (Sol-Air); (c) 
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direct solar gains through transparent windows (Solar); (d) ventilation and infiltration gains 
through crack and openings (Ventilation); (e) internal loads from lights, people and equipment 
(Internal); (f) inter-zonal loads from heat flow between adjacent zones (Inter-zonal). Heat gains 
are caused by the molecular excitation within the materials when exposed to solar radiation. 
The total amount of heat gains or losses by the fabric and sol-air is attributed to the materials of 
the external surface (especially walls and roof), and here comes the main role that materials 
selection plays in the thermal performance of a building. 
10.4.4. Passive Thermal Comfort 
 Comfort is determined by many very subjective feelings, even the color of the environment 
plays a certain role - with each person being influenced uniquely. However a substantial part of 
comfort depends on "thermal comfort". Passive thermal comfort refers to the total number of 
hours the building enjoys in the thermal comfort level from the total number of hours of the year 
(8760 hrs). The more time a building enjoys in passive comfort the better it performs. 
10.4.5. Embodied Energy and GHGs Emissions 
The production of almost every material used in a building involves some form of industrial 
processing. The processing of different materials requires energy and may possibly produce 
gasses known to affect the upper atmosphere and exacerbate the greenhouse effect. The total 
embodied energy (EE) and GHGs values for the building fabric can be determined by 
calculating the EE and GHGs for different materials applied in the building. The total EE is 
measured in watt-hours (Wh). The total greenhouse gas emissions of any materials 
combination, given in equivalent kilograms of CO2, will be calculated. Low values of EE and 
GHGs are preferable. 
Unfortunately, the EE and GHGs associated with the production of building materials in the 
Sudan has never been calculated. Therefore, the underlying study adopts the energy and 
carbon coefficients for building materials of the Inventory of Carbon and Energy (ICE) 
(Hammond & Jones, 2008; 2011). The data of the inventory has been collected from secondary 
resources including journal articles, LCAs, books, conference papers…etc. Indeed, these 
coefficients do not provide the actual EE and GHGs associated with BMs production in the 
Sudan, however, they will be helpful in understanding the footprints of different materials on the 
environment in a general way. 
10.4.6. Materials Costs 
Cost is an important factor to consider in determining the appropriateness of a specific material 
to a specific target group. Materials which may perform well with minimal environmental impact 
will not be considered appropriate unless they are affordable. The cost of different combinations 
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of roofs and walls is calculated to make these combinations comparable. Information about the 
costs of different materials is collected from different sources including market prices, 
contractors’ biddings, technology developers/adopters…etc. Most of the cost estimates are 
based on the study conducted by the NFHR to compare between the costs of different materials 
for walling and roofing (NFHR, 2008). 
10.5. Analysis Parameters 
The analysis considered different combinations of seven walling and seven roofing materials. 
The total number of alternatives evaluated is 42 (Table  10.2). The materials for floors, doors and 
windows are assumed to be similar. The selected materials for the underlying analysis include: 
• Walls: (a) Red Brick; (b) Cement Blocks; (c) Hollow Red Bricks; (d) Stabilized Soil 
Blocks (SSBs); (e) 3-D Panel; (f) Graded Sand Mix; and (g) Mud Bricks 
• Roofs: (a) Reinforced Concrete; (b) Jack Arch; (c) Corrugated Iron Sheets – CISs (with 
ceiling); (d) Corrugated Iron Sheets – CISs (without ceiling); (e) Ferrocement; (f) 
Sandwich Panel; and (d) PVC  
According to the materials and technologies applied, three roof shapes are considered in the 
analysis (Figure  10.1); (a) flat roof for reinforced concrete, CISs, sandwich panel and PVC; (b) 
jack arch roof; and (c) pitched roof for ferrocement. Another important aspect to consider in the 
application of corrugated iron sheets for roofing is the possibility of adding a false ceiling. 
Table  10.2: Combinations of walling and roofing materials tested 
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Red Brick Wall √ √ √ √ √ √ √ 
Cement Blocks √ √ √ √ √ √ √ 
Hollow Red Bricks √ √ √ √ √ √ √ 
SSBs Walls (Inter Locking) √ √ √ √ √ √ √ 
3D Panel - - √ √ 
 
√ √ 
Graded Sand Mix - - √ √ √ √ √ 
Mud Brick - - √ √ √ √ √ 
* without ceiling ** with ceiling 
216 The Construction & Building Materials Industries for Appropriate and Innovative Local Building Materials 
Figure  10
 
The analysis is performed using the Ecotect softwar
Ecotect is a programme that 
simulate how they will perform and operate. It prov
opportunity of studying their buildings energy perf
see how their buildings will operate. The software has m
to analyze some environmental design principles suc
well as EE and GHGs emissions. Ecotect is one of th
managing, and controlling buildings energy. The ana
NFHR demo houses model for the analysis of the 42 a
house is 70m2 consisting of two bedrooms and a veranda (
information regarding the properties of the materials used i
conductivity, solar absorption, thermal decrement, 
emissions and EE. 
Figure  10.
7.
00
 
m
4.
00
 
m
2.
75
 
m
North
Sustainable Development in Developing Countries: 
and Technologies for Housing in the Sudan
 
.1: Roof shapes considered in the analysis
e which belongs to Autodesk Corporation. 
analyzes buildings designs as three dimensional mod
ides architects and engineers with the 
ormance from the earliest stages of design to 
any environmental tools which are used 
h as thermal, solar, shading, lighting as 
e programmes that assi
lysis employs the same design of the 
lternatives. The 
Figure  10.2). 
ncluding their layers, thermal 
weight, cost per square meter, GHGs 
2: The plan of the NFHR demo house model
Room
RoomVerandah
Verandah
10.00 m
4.25 m 4.25 m
Room
RoomVeranda
Veranda
 
 
els (3D) to 
st on estimating, 
total built area of the 
Appendix  5.1provides 
Chapter Ten 
Comparative Analysis on Selected Building Materials and Technologies for Housing 217 
 
 
10.6. Analysis Results 
The analysis is performed on the different combinations of walling and roofing materials based 
on the parameters provided in section ( 10.5). The results of the analysis are presented below. 
10.6.1. Annual Cooling and Heating Loads Results 
This test shows the total amount of mechanical cooling and heating loads the house requires in 
order to be kept within the thermal comfort band all over the year. The average amount of loads 
per square meter is calculated by dividing the total amount of loads by the area of the space 
(Figure  10.3). The heating loads of almost all materials combinations are zero. The test reveals 
that red brick walls with CISs (with ceiling) require the least cooling loads per m2 per annum 
(224,498 Wh) followed by mud bricks with CISs (with ceiling) (235,987Wh) and cement blocks 
with CISs with ceiling (244,388 Wh). The graded sand mix walls with CISs (without ceiling) 
appear to be the worst alternative in terms of cooling and heating loads. The cooling loads of 
this alternative are higher by five folds than those of the combination of red brick walls with CISs 
roof with a ceiling.  
The results demonstrate that cooling loads are mainly attributed to the roofs rather than walls. 
The lowest loads are associated with CISs (with ceiling) roof with all walls combinations 
followed by sandwich panel roofs, jack-arch, reinforced concrete, ferrocement, PVC, and CISs 
without ceiling. The brick walls are always ranked first with all roofing combinations followed by 
mud bricks, cement blocks, 3-D panel, SSBs, hollow red bricks, and GSM. False ceiling 
improves the performance of the CISs roof significantly. The cooling loads required for the CISs 
without ceiling are higher by about four times than otherwise a false ceiling is added. The 
detailed results of the annual cooling and heating loads are depicted in Appendix  5.3. 
 
Figure  10.3: Annual cooling loads (Wh/m2) of different combinations 
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10.6.2. Hourly Heat Gains Results 
The amount of heat gains in the hottest day of the year (20th of May) gives an indication of the 
performance of different materials in terms of gaining heat. The graph in Figure  10.4 shows heat 
gains and losses in the hottest day of the year. The hourly heat gains results are found to be 
similar to the results of the total annual cooling and heating loads (see section  10.6.1) with 
marginal differences. The CISs (with ceiling) roof with all walling materials tops the list of 
materials with better performance. The heat gains of the red bricks walls with the CISs roof (with 
ceiling) totaled 70,317 Wh. The combination of the graded sand mix walls with the CISs roof 
(without ceiling) tails the list with a total of 301,420 Wh of heat gains. Most of the materials gain 
heat through their fabric and ventilation. The breakdown of the total hourly gains during the 
hottest day of the year is shown in Appendix  5.4. 
 
Figure  10.4: Heat gains (Wh) in the hottest day of the year (20th May) 
10.6.3. Passive Heat Gains and Losses Breakdown 
The breakdown of heat gains and losses demonstrates the mechanism by which a building 
breathes. The understanding of this mechanism enables the designer determining adequate 
treatments for the building elements in order to improve their thermal performance. Figure  10.5 
and Figure  10.6 show the breakdown of heat gains associated with different combinations of 
materials for walls and roofs where the total heat gains by the material is the summation of heat 
gains by the fabric and sol-air. The minimum amount of heat gains, (about 34.7%) of the total 
gains occurs when the corrugated iron sheets roof with a false ceiling is combined with red 
bricks for walls. The maximum amount of heat gains is obtained when red brick is used for walls 
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and combined with corrugated iron sheets without ceiling for roofing (about 83.9% of the total 
gains). 
Generally, the lowest share of the fabric and sol-air in the total heat gains is associated with the 
CISs with a false ceiling and sandwich panels roofing systems. The highest shares are 
associated with the CISs without a false ceiling and PVC roofing systems. Thus, roofing 
materials are main determinants of the breakdown of heat gains. Heat gains attributed to the 
fabric are always higher than those attributed to ventilation for all combinations of materials 
except for combinations where CISs with false ceiling is used for roofing. Additionally, and in all 
cases, heat gains attributed to the sol-air are less than gains attributed to the fabric. 
On the other hand, all the materials combinations subject to the analysis loose heat mainly 
through the inter-zonal component. The combinations of red bricks walls with jack arch, CISs 
without ceiling and PVC roofing systems top the list of materials with high percentages of heat 
losses attributed to the fabric. The maximum amount of heat loss through the fabric is obtained 
when red brick is used for walls and combined with jack arch roofing system (about 24% of the 
total loss). Graded sand mix and 3-D panel walls tail the list in terms of the share of heat loss 
attributed to the fabric. The combination of 3-D panel walls with the sandwich panel roof looses 
about 8.1% of heat through the fabric. Appendix  5.5 and Appendix  5.6 demonstrate the 
breakdown of heat losses and gains of different alternatives. 
 
Figure  10.5: Breakdown of heat gains 
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Figure  10.6: Breakdown of heat loss 
10.6.4. Passive Thermal Comfort 
The total number of hours that a building enjoys in the thermal comfort band compared to the 
total number of hours of the year (8760 hours in one year) indicates how the building is 
performing passively with the environment and consequently determine the amount of time the 
building will be in need of mechanical cooling (Figure  10.7). 
The analysis reports that the combination of red brick walls with CISs (with ceiling) enjoys 2,398 
hours (27.4%) of the total time throughout the year in passive comfort without requiring any 
mechanical cooling or heating. The minimum number of hours in the comfort band is accorded 
to the combination of 3-D panel walls with PVC roof (606 hours). Once again, the CISs roof with 
a ceiling enjoys the highest number of hours in the comfort band during the entire year with a 
percentage ranging from 20.3% to 27.4% for all walling materials. Similarly, the CISs roof 
without a ceiling and the PVC roofing system, with all walling materials, falls at the end of the list 
with about (7%-9.9%) and (6.9%-10%) of the total time in passive comfort respectively. Red 
brick contributes significantly to passive thermal comfort whether it is used for walling or roofing 
(jack arch). The combinations of SSBs walls with all roofing materials vary considerably in the 
time they enjoy passive thermal comfort ranging from 8.8% to 22.5%. The variations in the time 
a building enjoys in comfort band is attributed to the roofing materials rather than walling 
materials. The results of passive thermal comfort test for all materials combinations are 
presented in Appendix  5.7. 
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Figure  10.7: Percentage of time in passive comfort
10.6.5. Embodied Energy and GHGs Emissions 
Unlike the results of the tests above, walls play a key role in determining the ranking of different 
materials combinations in terms of EE and GHGs emissions. Generally, mud bricks walls have 
the lowest amount of EE and GHGs emissions. Processing of earth as a building material 
requires negligible amount of EE relative to other energy intensive materials. The EE in the 
combination of mud bricks with CISs (with false ceiling) is the lowest among all other 
alternatives (1,107 Wh). Similarly, the GHGs emissions (146.2 kg) of this combination are 
marginal in comparison to other alternatives such as the combination of red bricks and 
reinforced concrete which produces 15,309.3 kg. The EE in the later combination accounts for 
154,637 Wh. The high level of EE in this alternative is attributed to the high amount of energy 
required to produce bricks and reinforced concrete. It is observed that the ranking of different 
combinations in terms of GHGs emissions produced during the manufacturing of materials and 
EE are not the same, but are quite similar (Figure  10.8). In other words, most of the materials 
which require high level of energy during production produce “proportional” amount of GHGs. 
However, few exceptions do exist (i.e., GSM & ferrocement, 3-D panel & sandwich panel and 
cement blocks & ferrocement). The amount of EE and GHGs associated with each combination 
of materials is depicted in Appendix  5.8. 
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Figure  10.8: Embodied energy and GHGs emission by different materials combinations 
10.6.6. Materials Costs 
The cost analysis of different materials combinations indicates a relative high level of variation 
between the highest and lowest costs (Figure  10.9). The combination of mud bricks walls and 
ferrocement roof is accorded the lowest cost (4,155 SDG) whereas the alternative of 3-D panel 
walls with sandwich panel roof has the highest cost (16,208 SDG). Variations in the costs of 
walls (1,881-10,402 SDG) are relatively higher than variations in costs of roofs (2,142-7,962 
SDG). Mud brick walls are the cheapest among all walling systems whereas 3-D panel walls 
followed by red bricks walls are the most expensive. The lowest cost for roofing is associated 
with the ferrocement roof while the highest is allocated for reinforced concrete. It is interesting to 
note that SSBs walls were found to be more expensive than red bricks walls. However, if SSBs 
walls are not plastered form both sides the cost will fall considerably from 49.8 SDG/m2 to 37 
SDG/m2. It is observed that in many combinations the cost of walls is higher than that of roofs 
depending on the materials used for each combination. Appendix  5.9 shows the total cost of 
each combination and its breakdown among roofs and walls. 
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Figure  10.9: Comparison and breakdown of cost of different materials combinations 
10.7.  Discussion 
The search for adequate and sustainable housing, in general, should include, besides cost, 
other sustainable construction requirements such as environmental impact, thermal 
performance, and availability of BMs. The selection of materials for walls and roofs, which have 
the highest share in the cost of housing beside their importance to the thermal performance of 
buildings, is crucial. The selection of materials involves manifold factors such as durability, 
maintenance, operation...etc. These factors are beyond the scope of this analysis.  
According to the results discussed above, it can be concluded that the variations in the thermal 
performance of different materials combinations are attributed to the roofing materials rather 
than walling materials. A possible justification of this conclusion is attributed to close location of 
the Sudan to the equator where the sun angle is very high in the sky most of the year meaning 
that roofs are exposed to the solar radiation approximately the whole year. The priority is, thus, 
to search for appropriate roofing systems constructed from good, healthy, and low-cost 
materials with designs which block the maximum radiation and reduce the heat transfer during 
the day time. On the other, the environmental impact of each combination is highly influenced 
by the type of materials used for walls. 
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The analysis results reveal that each material combination acts differently than other 
combinations in every aspect of the analysis. Besides, combinations which appear to be good 
alternatives in specific aspects may not be appropriate in regard to other aspects. Red brick 
walls which appear to a good alternative in terms of thermal performance are found to be the 
worst alternative in terms of EE, GHGs and cost. Additionally, the analysis indicates that some 
of the materials which are recommended to be adopted as low cost roofing materials (i.e., PVC) 
are not performing well neither thermally nor environmentally. Traditional walling materials (mud 
and red bricks) appear to be the most appropriate alternatives in terms of thermal performance. 
However, red bricks impose huge burdens on the environment and are quite expensive 
although they are locally available. Many of the remaining materials or the raw materials 
required for their production are not locally available. Thus, improving the performance of readily 
available materials would have better socio-economic impacts than importing materials of good 
performances. 
Improving the methods of production of some materials would contribute significantly to 
minimizing their negative impact on the environment as well as minimizing their costs. The 
treatment of CISs roofs with false ceiling contributes significantly to the improvement of its 
thermal performance. Therefore, improving the thermal performance of cost effective materials 
could be a possible alternative for adopting appropriate materials. Furthermore, it is possible to 
improve traditional materials, which turn to be thermally appropriate, environmentally friendly 
and cost-effective (i.e., mud bricks), in order to make them more durable and improve their 
appearance to attain social acceptance. 
The analysis approach should be extended to all possible alternatives of walls and roofs in 
order to get a more comprehensive and in depth sight on the technologies introduced to the 
NFHR. To recapitulate, the NFHR needs to consider more factors, beside the cost, in the 
selection of alternative materials and/or technologies to adopt. The following recommendations 
might help the NFHR in developing its own criteria for the selection of materials and building 
technologies to be employed in its schemes in order to meet sustainable construction 
requirements: 
• establish a life cycle assessment tool to analyze the performance of different BMs; 
• introduce the application of recycled materials and encourage the use of materials which 
are recyclable; 
• choose appropriate methods of construction in terms of energy and resources efficiency; 
• establish collaborative research projects with research institutes and universities; 
• analyze the application of innovative building materials and technologies to assess their 
appropriateness to the Sudan and transfer these technologies whenever possible;  
• encourage the adoption and dissemination of appropriate building technologies; and 
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• organize workshops and initiate training programs to share knowledge about successful 
and appropriate technologies; 
10.8. Conclusions 
This chapter highlighted the performance of different combinations of selected materials in 
terms of annual cooling and heating loads required, passive comfort, heat gains, breakdown of 
heat gains and losses, embodied energy, green house gases emissions and cost. The analysis 
results presented in this chapter conclude that building materials perform differently in different 
aspects. The results indicate that roofing materials are crucial to the thermal performance of 
buildings while walling materials are responsible for high share of the building’s impact on the 
environment. The author suggests improving the production process of materials which 
negatively influences the environment. He suggests improving the performance of local 
materials rather than continuously relying on imports. 

  
 
 
 
 
 
 
 
 
 
11. Chapter Eleven: The Questionnaire Formation 
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11.1. Introduction 
Many research efforts have been made to identify the challenges facing the CI in DCs. The 
literature enumerates long lists of problems that hamper the development of the CI and 
contribute to its inefficiency. In general, the SCI and the SBMI lack comprehensive and 
documented researches in this regard. The research efforts are limited to very few pioneer 
Sudanese researchers who tried to investigate the SCI in very broad terms (Bannaga, 2010). 
The only comprehensive research on the SBMI carried by Battelle Institut (1979) has never 
been updated and has become obsolete. It is believed that both the SCI and the SBMI are 
confronted by many problems that hinder their development in sustainable manner. The 
severities of these difficulties vary considerably in their magnitude and causality. The level of 
influence that these possible problems may impose on the performance of the SCI and the 
SBMI has not been researched. Additionally, lack of documentation of the SCI and the SBMI 
performance along with the lack of performance measurement indicators and tools make it 
impossible to identify the main causes of the deficiencies in both industries.  
The SCI and the SBMI are expected to be faced by difficulties similar to those of other DCs. 
However, the magnitude of these problems and their interrelationships are hypothesized to be 
specific to the context of the country. In general, descriptive research is the most popular type of 
research technique for its usefulness in describing the status quo of a problem. Relevant, 
accurate, reliable and up-to-date data on the SCI are not available (Bannaga, 2010). Primary 
data collection methods are used to gather information not available from other sources. Hence, 
empirical studies based on questionnaires and interviews remain the only possible way, at the 
moment, to collect data on the performance of the SCI and the SBMI. For the purpose of this 
study, a questionnaire survey has been conducted to investigate the challenges facing both the 
SCI and the SBMI and their magnitude. The objective of the survey is to obtain data about the 
performance of the SCI and the SBMI from the main stakeholders of both industries.  
11.2. Questionnaires as a Surveying Tool 
A questionnaire is a tool for collecting information to describe, compare or explain knowledge, 
attitudes or behaviors and/or socio-demographic characteristics of a target group. The main 
advantage of using questionnaires over other methods of data collection is that a large number 
of people can be reached relatively easily and economically. Questionnaires are cheap in 
comparison to other methods of collecting primary data. Yet, they are expensive in terms of 
design time and interpretation. Furthermore, questionnaires are not always the best way to 
gather information, especially if there is previous information on a problem. In this case, a 
questionnaire may only provide limited additional insight. Another setback of questionnaires is 
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the varying responses to questions where respondents may misunderstand or misinterpret 
questions.  
Questionnaires can be used to obtain either quantitative or qualitative data depending on the 
type of questions. Qualitative data describe a specific aspect in terms of some quality or 
categorization. On the contrary, quantitative data use numeric values in terms of quantity to 
precisely provide information about something. They are concerned with describing meaning, 
rather than with drawing statistical inferences. However, qualitative data have the potential of 
revealing complex situations, attitudes and perception. Qualitative data are exploratory and 
provide a more in-depth and rich description. Thus, quantitative data define whereas qualitative 
data describe. By their very nature, quantitative questions are more exact than qualitative ones. 
Possibly, data originally obtained as qualitative information about an individual phenomenon 
may be transformed into quantitative data if they are interpreted by means of counts. For 
instance, it is possible to obtain approximate quantitative data from qualitative data by asking 
people to rate their perception of a sensation on a Likert scale. 
In general, the validity of the results of qualitative data is more reliant on the honesty of the 
respondent. Consequently, it is quite difficult to claim complete objectivity with questionnaire 
data. Therefore, questionnaires are better suited to gathering reliable subjective measures. The 
subject study adopts qualitative questions with very few quantitative questions in a form of a 
questionnaire based on their ability to reveal the perception of different stakeholders of both the 
SCI and SBMI. 
The objective of the questionnaire administrated for this research is to reveal the perception of 
the SCI stakeholders towards the factors confronting the development of the construction and 
building materials industries in the Sudan. It also investigates the factors impeding the utilization 
of LBMs in the country. Besides, the questionnaire investigates the possible problems 
influencing the transference of technology for the development of the CI. The survey’s main 
question was: What are the real constraints in the development of the SCI in general and the 
SBMI in particular? 
11.3. Questionnaire Design 
It is important to ensure that the questionnaire will gather the information required. A well-
designed questionnaire motivates the respondents to provide complete and accurate 
information. Questionnaires often have standardized answers that make it simple to compile 
data. Generally speaking, questionnaires are quite flexible in what they can measure, however 
this depends on the data to be collected and processed. Thus, the design, administration and 
interpretation of a questionnaire require careful attention. Questionnaires should therefore have 
very precise designs in order to meet the purpose for which they are designed. Baker (2003) 
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noted that in order to avoid squandering all the investment (time, effort and money) on a 
questionnaire, a researcher should design clear, relevant, meaningful and unambiguous 
questions for eliciting the desired information from selected respondents. Getting a valid and 
high rate of response from participants in a survey is a function of their ability and willingness to 
answer the questions asked. Thus, a questionnaire’s contents and phrases must be carefully 
crafted to avoid ambiguity, imprecision and assumptions. 
Marton-Williams (1986) suggests six functions to follow in order to get an efficient questionnaire 
as a tool for collecting data. These functions are: (a) maintain the respondent’s co-operation 
and involvement; (b) communicating to the respondent; (c) helping the respondent to work out 
his answers; (d) making the interviewer’s task easy; and (e) providing a basis for data 
processing. A considerable attention should be drawn to the respondents. The structure of the 
questionnaire and the logical flow of its questions are key factors in getting the attention and 
interest of the respondents. Baker (2003) noted that effective communication depends very 
much on the design and phrasing of the questionnaire. The main obstacles to clear 
communication are ambiguity, use of unfamiliar words, use of difficult and abstract concepts, 
overloading the respondent’s memory and understanding with too many instructions, using 
vague concepts and trying to ask two questions at once (Marton-Williams, 1986). The 
questionnaire designer needs to ensure that the respondents fully understand the questions and 
are not likely to refuse to answer, lie to the interviewer or try to conceal their attitudes. A good 
questionnaire is organized and worded to encourage respondents to provide accurate, unbiased 
and complete information (Crawford, 1997). Baker (2003) recommends that the questionnaire 
should be easy to read, understand, well organized and without bias. 
Long lists of guidelines for a well-designed questionnaire are enumerated in the literature. 
These guidelines recommend avoiding asking questions which are vague or imprecise, leading, 
presuming, hypothetical, involving memory, personalized, embarrassing, offensive, sensitive, 
loaded, double-barreled, involving assumptions, or double negative. A questionnaire should 
desirably involve questions which are specific, clear, using simple language, unbiased and 
short. In addition to the abovementioned guiding principles, Taylor-Powell (1998) suggests that 
wording the questions requires: use of simple words; avoiding the use of unfamiliar 
abbreviations, jargon or foreign phrases; avoiding too demanding and time consuming 
questions; and use mutually exclusive categories. According to Crawford (1997), a well-
designed questionnaire should make it easy for respondents to give the necessary information 
and for the interviewer to record the answers which should be arranged so that sound analysis 
and interpretation are possible. The author has attempted to follow these guidelines in 
designing the questionnaire. 
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A questionnaire may load either open-ended or closed-ended questions (structured 
questionnaire) (Waddington, 2000). Open-ended questions are questions to which there is no 
one definite answer. They are designed to enable the respondent to answer in full, to reply in 
whatever form, with whatever content and to whatever extent the respondent wishes (Fellows & 
Liu, 2008). They may be a good way to break the ice with a survey, giving respondents an 
opportunity to answer in their own words (Duval, 2005). Despite their usefulness in yielding 
quotable material, the responses to open-ended questions are more difficult to catalogue and 
interpret (Fink, 1995). Thus, open-ended questions are less likely to yield reliable data without 
additional time and effort (Derrington, 2009). 
On the other hand, closed-ended questions have a finite set of answers from which the 
respondent chooses (Fellows & Liu, 2008). The closed-ended questions, in general, have five 
common formats (Duval, 2005), namely: rating scale or Likert-scale (to assess a person's 
feelings about something); multiple-choice (when there are a finite number of options); ordinal 
(to rate things in relation to other things); categorical (when the answers are categories); and 
numerical (for real numbers). Taylor-Powell (1998) adds the following sub-formats: two options 
responses (i.e., yes-no, agree-disagree, true-false…etc); one best answer; paired comparison; 
matching (match responses to a list of items); ranking; and items in a series (presenting the 
responses in a table when several questions use the same response category). 
Generally, closed-ended questions are easy to standardize, and the data gathered from them 
lend themselves to statistical analysis (Fink, 1995). The down side to closed-ended questions is 
that they are more difficult to write than open-ended questions. This is because the evaluator 
must design choices to include all the possible answers a respondent could give for each 
question. Closed questions can be easily pre-coded so that the data can be converted easily 
into a suitable database. The use of multiple choices questions and rating scales helps the 
respondents to answer in an accurate and meaningful way (Baker, 2003). Further advantages 
of closed questions are that: they are simple and quick to answer reducing the discrimination 
against the less literate respondents; they are easy to code, record and analyze; comparisons 
can be done easily; and the results are equally easy to report. However, they only allow a 
restricted number of possible answers which may result in a loss of information. 
The designed questionnaire for the subject study involves a combination of close-ended 
questions. The section involving questions about the respondent’s details marginally include 
open-ended questions. Few questions are choice-based on a scale format (i.e. academic 
qualifications, years of experience). The majority of the questions were developed in a form of a 
five-point Likert-scale. Likert scaling is a bipolar scaling method, measuring either positive or 
negative response to statements about a topic (Likert, 1932). It can be used to measure 
frequencies, importance or likelihood of occurrences. A Likert-scale question is a survey 
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question that allows the user to choose the response that best represents his/her opinion 
relative to a series of statements. The format of Likert-scale questions used in the questionnaire 
is shown below. 
very high influence 
/ strongly agree 
high influence 
/ agree 
medium influence 
/ uncertain 
low influence 
/ disagree 
very low influence / 
strongly disagree 
+2 +1 0.0 -1 -2 
The questionnaire asked the respondents to reveal their perception on the magnitude of the 
possible problems which negatively affect the SCI and the BMI as well as the problems 
contributing to the underutilization of local materials. The respondents were requested to rank 
the factors affecting the SCI in accordance to their importance. This ranking could be used as a 
check on the compatibility with responses to questions about the level of influence of the factors 
affecting the SCI and SBMI. The Likert-scale approach was also used to measure the 
magnitude of the possible factors that negatively influence the transfer of technology. One 
question on the distribution of construction cost for housing was designed to be answered in a 
numerical format. The participants were invited to add their own comments on and thoughts 
about the topic investigated through the questionnaire. A copy of the questionnaire is enclosed 
in (Appendix  6). 
11.4. Questionnaire Structure and Sequence 
A questionnaire provides a tool for information which can be tabulated and discussed. 
Accordingly, the questionnaire should be pleasing to the eye and easy to complete (Taylor-
Powell, 1998). Thus, structuring a questionnaire is seen as an art rather than science. Formal 
standardized questionnaires are generally characterized by: (a) prescribed wording and order of 
questions, to ensure that each respondent receives the same stimuli; (b) prescribed definitions 
or explanations for each question, to ensure interviewers handle questions consistently and can 
answer respondents' requests for clarification if they occur; and (c) prescribed response format, 
to enable rapid completion of the questionnaire during the interviewing process. Hence, it is 
important to draw attention to opening questions, the flow and variety of questions and closing 
questions (Crawford, 1997). How questions will be placed in relation to each other in a 
questionnaire is an important aspect to consider (Taylor-Powell, 1998). For the purpose of 
effective communication with the respondents, questions should be put into a meaningful order 
and format. Taylor-Powell (1998) suggests the following guiding principles for formatting a 
questionnaire: 
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• preparing an introductory section that states the purpose of the questionnaire and 
assures respondents confidentiality; 
• opening questions should be easy without using open-ended questions with lengthy 
answers. 
• addressing important topics early rather than late in the questionnaire; 
• arranging the questions to ensure smooth flow and keeping questions on one subject 
grouped together; 
• using the same type of questions and response throughout a series of question on a 
particular topic; 
• printing in an easy-to-read typeface; 
• avoid making respondents turn pages in the middle of a question; 
• distinguishing the questions from instructions and the answers; and 
• pre-coding of answers as many items and response categories are possible to help 
tabulate and analyze data more quickly 
The subject questionnaire is structured in accordance to the aforementioned guidelines. A 
covering letter was attached to the questionnaire revealing the purposes behind the survey and 
highlighting the importance of the topics investigated. The entire questionnaire involves 147 
questions which are structured into six main sections (A, B, C, D, E and F). The entire 
questionnaire was printed in seven pages excluding the covering letter.  
Section (A) is designed to provide general information about the respondents including: name, 
entity, job title, sector, scope of work, academic qualification, experience, gender and 
nationality. This section provides a description for the abbreviations used throughout the 
questionnaire. Sections B and C are broken down into seven and four subsections respectively.  
Section (B) is designed to provide information about the magnitude of the possible factors that 
negatively affects the performance of the SCI and SBMI. These factors are categorized into five 
groups in accordance to the model proposed in section  3.4 as follows: (i) construction industry 
environment (9 questions); (ii) construction industry structure and capacity (17 questions); (iii) 
working environment and behavioral factors (8 questions); (iv) resources (financial, physical, 
and human) (18 questions); and (v) supporting systems (regulatory system and institutional 
framework as well as research and development) (9 questions). This section includes two 
further subsections, the first subsection (vi) aims at revealing the perception of the respondents 
towards the performance of the SBMI (7 questions). The second subsection (vii) asks for 
ranking the main factors -as categorized above- affecting the SCI and the SBMI according to 
their importance. 
234 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
 
 Section (C), which is subdivided into four subsections, focuses on the problems of the SBMI 
and the selection of BMs. Subsection (i) examines the influence of possible factors contributing 
to the underutilization of LBMs (14 questions). Subsection (ii) investigates different aspects of 
the SBMI and the usage of BMs (13 questions). The role of the SCI stakeholders in the 
selection of BMs throughout the construction process is covered in subsection (iii) (13 
questions). Subsection (iv) focuses on the criteria of the selection of BMs (6 questions).  
Section (D) investigates the level of influence of the possible factors that negatively affect the 
transference of successful technologies in the Sudan. All the questions in sections (B, C and D) 
with the exception to question (vii in section B) are designed to be answered on a five points 
Likert-scale in a form of series of questions in a table with the same response category.  
Section (E) is designed to obtain some specific data and particulars on the construction for 
housing and its technological aspects (8 questions). The respondents have been asked to add 
their comments and recommendations in section (F). A copy of the questionnaire is attached in 
(Appendix  6). 
11.5. The Target Group 
Almost invariably, it is not possible to involve the entire population targeted by a research in a 
survey because the cost is too high, and the population is dynamic in the sense that the 
individuals making up the population may change over time (Adèr, Mellenbergh, & Hand, 2008). 
A sample of that population can be approached to yield some knowledge about the whole 
population. Sampling is concerned with the selection of a group of individuals from within a 
population to tell something that the entire population would have told. The objective of 
sampling is to provide a practical means of enabling the data collection and processing 
components of research to be carried out whilst ensuring that the sample provides a good 
representation of the population (Fellows & Liu, 2008). The main advantages of sampling are 
that the cost is lower and data collection is faster. Since the data set is smaller it is also possible 
to ensure homogeneity and to improve the accuracy and quality of the data. 
The selection of a target group to be surveyed involves either random sampling or non-random 
sampling of the population. A random sample is a one chosen by a method involving an 
unpredictable component where every individual in the population of interest has an equal 
opportunity (probability) of being selected for the sample. On the other hand, in a nonrandom 
sampling (non-probability sampling), members are selected on the basis of a particular set of 
characteristics, rather than a random chance of being included. A non-random sampling is any 
sampling method where some people have a greater, yet unknown chance of selection than 
others. Non-random sampling involves the selection of the surveyed sample based on 
assumptions regarding the population of interest, which form the criteria for selection. According 
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to Fellows and Liu (2008), five non-random sampling methods are usually used namely, 
systematic sampling, stratified sampling, cluster sampling, convenience sampling and snowball 
sampling. Systematic sampling does have an element of randomness. It relies on arranging the 
target population according to some ordering scheme and then selecting elements at regular 
intervals through that ordered list. Stratified sampling is appropriate where the population 
embraces a number of distinct groups or strata. Each stratum is then sampled as an 
independent sub-population, out of which individual elements can be randomly selected. Cluster 
sampling is appropriate where the population is divided into groups such that it is likely that 
inter-group differences are believed to be small, whilst intra-group differences are believed to be 
large. Convenience sampling may be used where the nature of the research question(s) and the 
population do not indicate any particular form of sample and so, the researcher collects data 
from a sample which can be accessed readily. Snowball sampling involves data which are 
difficult to access, perhaps because the individual source of data cannot be identified readily. In 
such situations, the researcher may identify further sources (respondents) and, after collecting 
data from each one, requests that source to identify further sources thereby progressively 
building a sufficient sample.  
Clearly, non-random sampling may introduce bias (Fellows & Liu, 2008). Furthermore, it should 
be noted that, in surveys based on non-random sampling, reliability cannot be measured as 
selection bias exists. Selection bias (selection effect) is a statistical bias in which there is an 
error in choosing the individuals or groups to take part in a scientific study. The term "selection 
bias" most often refers to the distortion of a statistical analysis, resulting from the method of 
collecting samples. 
As been demonstrated in section ( 6.3.1), there is no comprehensive list involving all the 
stakeholders of the SCI. For instance, the lists of consultants and contractors registered with the 
OCCF and CU are not regularly updated. Furthermore, many of the registered companies are 
not easily accessible. Therefore it was found suitable to adopt the convenience sampling 
method for the purpose of this study.  
The questionnaire was circulated to the stakeholders of the SCI in the Sudan including 
consultants, contractors, BMs manufacturers, BMs suppliers, professional institutes, unions and 
associations, governmental authorities, clients, researchers and academicians, finance 
institutes and NGOs. It is important to note that the survey has focused on the actors in the 
formal sector. The selection of consultants, contractors, BMs manufacturers and BMs suppliers 
was based on the survey conducted by the NFHR in 2010 under the direct supervision of the 
author. Public universities and research institutes were approached as well as banks investing 
in real estate. A total of 352 questionnaires were circulated. 
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11.6. Questionnaire Administration 
Indeed the method of reaching the intended respondents should constitute part of the 
questionnaire design process. The method of contact will influence not only the questions the 
researcher is able to ask but the phrasing of those questions as well. Generally, questionnaires 
may be administrated via different modes, including: face-to-face (personal contact); paper-and-
pencil; and computerized (E-mail or web-based) (Foddy, 1994). In addition to the 
aforementioned formats, it is possible to collect data through telephone interviews. 
For the purpose of ensuring a high rate of response, the questionnaires have been circulated 
using a combination of common methods of administrating questionnaires, namely personal 
distribution and e-mails. Despite the high costs associated with personal distribution, this 
approach was inevitably required. The inefficiency of the postal system eliminates the 
possibilities of distributing the questionnaire through ordinary mail. Addresses and e-mails of the 
respondents were provided from different sources including the OCCF, SIA and CU. The 
contact details were confirmed through the survey conducted by the NFHR. 
All the prospect respondents had received, one month prior to distribution of the questionnaire, 
a preparatory e-mail. This preparatory e-mail helped testing the efficiency of using e-mails for 
the distribution of questionnaires. The companies were contacted through telephone to confirm 
the receipt of the preparatory e-mail and to correct the e-mail addresses in case those e-mails 
were not successfully delivered. Surprisingly, some respondents, who received their 
questionnaires by e-mail, preferred to return them personally. Telephone calls were a good and 
a relatively inexpensive way for reminding and follow-up. 
The majority of questionnaires were distributed hand-by-hand; 190 questionnaires (54%). 68 
questionnaires (19.3%) were circulated through e-mail while 94 (26.7%) were distributed using 
both methods. Personally distributed questionnaires were handed to the prospect respondents 
by the author and four of the teaching assistants at the Faculty of Architecture, University of 
Khartoum. Before the commencement of distribution, the author organized a couple of 
workshops with the distributers for the purpose of giving useful instructions and to describe and 
clarify the contents of the questionnaire. The targeted respondents were grouped according to 
their addresses in order to minimize the effort put on the distribution. All the questionnaires were 
circulated and collected back within a period of about 12 weeks. 
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11.7. Pretesting the Questionnaire 
The major hurdle in questionnaire design is making it clear and understandable to all. Because 
the draft questionnaire is a product evolved by one or two minds only, it is impossible to say 
whether a questionnaire is going to accomplish the study objectives without testing. Therefore, it 
is necessary to pre-test the questionnaire before it is used in a full-scale survey, to identify any 
mistakes that need correction. The purpose of piloting the questionnaire is to determine the 
adequacy of structure, clarity and sequence of questions and instructions as well as to 
determine whether additional or specifying questions are needed or whether some questions 
should be eliminated (Crawford, 1997). Pre-testing has a number of goals, including: to 
reformulate or eliminate ambiguous or superfluous questions; to provide material to design the 
answer categories for open questions that need to be closed; to determine whether the 
questionnaire is balanced in its structure, and to discover whether instructions were properly 
followed (Siniscalco & Auriat, 2005). Although somewhat time-consuming, this crucial phase is 
worth the investment and will result in a higher rate of returned surveys and more reliable data 
(Derrington, 2009). According to Taylor-Powell (1998), pretesting is an indispensable part of 
questionnaire design which may result in postponing the study if the resources to pretest the 
questionnaire are not readily available. 
A draft of the questionnaire was prepared after a series of reviews and editing. Then, the 
questionnaire was handed to 17 persons who were broadly representative of the type of 
respondents targeted by the main survey. 12 questionnaires were handed personally whereas 5 
were sent by e-mail. The comments and suggestions made by those respondents were 
incorporated into the final version of the questionnaire. Some questions were deleted and some 
were rephrased. The respondents were asked to record the time they needed to fill out the 
questionnaire. The average time required to fill-out a hard copy was about 30 minutes while 
filling out a softcopy (on computer) took about 45 minutes. Many respondents commented on 
the length of the questionnaire noting, however, the relevance of the questions, the easy-flow of 
the questionnaire and the importance of the topic.  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
12. Chapter Twelve: The Questionnaire Results and Analysis 
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12.1. Responding to the Questionnaire 
The primary aim of collecting data is to maximize the amount and accuracy of transfer of 
meaning (convergence) from the data provider to the researcher (Fellows & Liu, 2008). Indeed, 
the quantity of data is a function of response rate (Crawford, 1997). Therefore, the higher the 
response rate the more data will be available for the analysis. In general, survey techniques, 
such as questionnaires and interviews, yield low response rate mainly because they are highly 
labor intensive on the part of the respondents and particularly on the part of the researcher. 
Thus, the useable response rate can be as low as 25-35% (Fellows & Liu, 2008).  
The circulation of questionnaires of the subject study and collecting them back took a period of 
about 3 months (February-April 2011). The respondents represent 225 entities from which 144 
entities (64.0%) have responded to the questionnaire. These entities include consultancy and 
contracting companies, building materials manufacture and supply companies, universities, 
research institutes, professional institutions, unions, associations, governmental authorities, 
finance institutions, industrial companies, business companies… etc. The lists of entities and 
respondents targeted by the questionnaire are attached in Appendix  7.1 and Appendix  7.2. 
The questionnaires were distributed to the targeted entities mainly through personal contact 
(38.2%) and e-mails (21.8%). About 40.4% of the questionnaires to these entities were 
delivered or returned both personally and by e-mail. Out of the 352 questionnaires sent to the 
prospect respondents, 68 (19.3%) were sent by e-mail, 190 (54%) delivered personally and 94 
(26.7%) were received through both personal contact and e-mails (Appendix  8.1). 
Out of the 352 respondents targeted, 213 (60.5%) have responded to the questionnaire 
(Appendix  8.1). The response rate was very high, thus quite acceptable. Twelve questionnaires 
(3.4% of the total and 5.6% of returned questionnaires) were excluded from the analysis for 
being incomplete. The high rate of response is attributed to the variety of methods used for 
circulating and collecting the questionnaire. Furthermore, most of the respondents had been 
given a notice two weeks before circulating the questionnaire. Printed copies of the 
questionnaire were sent to respondents who did not reply to the e-mails sent. Follow-up calls 
and reminders helped maintaining a high rate of response. Besides, the respondents were 
offered the flexibility in deciding the means of returning the questionnaires. Some respondents 
who received the questionnaire through e-mail preferred to return it in a hard copy rather than 
filling in the softcopy. Some respondents sent their responses by fax. Indeed, such flexibility 
contributed significantly to acquiring such a high response rate. The response rates of 
questionnaires received by hand, e-mail, and both by hand and e-mail were 82.6%, 47.1% and 
24% respectively (Appendix  8.1). About 33% of the respondents (64 respondents) have 
provided further comments and recommendations related to the problems investigated. 
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12.2. The Profile of Respondents 
The questionnaire covered a wide spectrum of respondents of different academic and 
professional backgrounds related to the SCI and SBMI. The majority of the respondents work 
for the private sector 78% while 17.4% and 3% work for the public sector and public-private 
owned companies respectively (Appendix  8.3). NGOs are key players in the provision of 
construction services especially in rural areas and areas of conflicts and crisis. Three 
respondents (5%) from NGOs have responded positively to the survey. The CI is multi-
disciplinary involving persons from different fields and backgrounds.  
The information provided by the respondents reveals that 152 (73%) of the respondents work in 
a single field with the majority of them work as consultants (40.1%), contractors (37.5%), 
academic and research (7.9%) and building materials manufacturer and/or suppliers (7.2%). 
About 28.6% of the entire population responded to the questionnaire work in two or more fields 
simultaneously. Participating in two fields or more is dominated by consultants who also work in 
the academic and research field (33%) followed by contractors who also work as materials 
manufacturers and/or suppliers (23%). 17 respondents (27.9%) claimed that they practice as 
consultants and contractors jointly while some of them participate in other fields as well. This 
implies that consultants are oriented towards the knowledge base field while contractors are 
attracted to the business sector. A summary of the scope of work of surveyed respondents is 
depicted in (Appendix  8.2).  
The majority of respondents hold university degrees (105 (52.2%) B.Sc., 69 (34.4%) M.Sc. and 
20 (10%) PhD). Consultancy services attract more professionals acquiring PhD and M.Sc. 
degrees than contracting services with 93.3% and 60.3% respectively. Once again, the 
relationship between the consultancy services and academia is observed. The survey indicates 
that most of the participants (76.1%) obtain experience above 10 years where 39.8% of 
respondents acquire experience for more than 20 years. Furthermore, the results reveal that the 
sector is dominated by males where 172 (85.6%) of the respondents were males. Due to the 
difficulty in accessing foreign firms working in the field of construction, only 2% of the 
respondents were found to be foreigners. 
12.3. Methods of Analysis 
Most of the survey questions are designed to be answered in an ordinal scale. Thus, non-
parametric methods are adopted for analyzing the data been collected. The application of non-
parametric techniques may be necessary for data which do not have numerical interpretation 
(statistics based on the ranks of observations). Specifically, nonparametric methods have been 
developed to be used in cases when the researcher knows nothing about the parameters of the 
variable of interest in the population. In more technical terms, nonparametric methods do not 
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rely on the estimation of parameters (such as the mean or the standard deviation) describing 
the distribution of the variable of interest in the population (Hill & Lewicki, 2007). 
Generally speaking, non-parametric techniques are simple and easier to apply than parametric 
techniques. The Statistical Package for the Social Sciences (SPSS), which is among the most 
widely used programs for statistical analysis, was used for the purpose of entering, processing 
and analyzing the collected data. The SPSS is suitable for processing both parametric and non-
parametric data. 
Appendix  8.7 reports the frequencies of responses received by the targeted population to each 
question. Each question was assigned a label showing the number of section, subsection and 
the number of question ordered in the same sequence as appeared in the questionnaire. The 
collected data is presented in a spreadsheet where the rows represent the answers of each 
respondent to the questions while the columns represent answers of all participants to a single 
question. For the purpose of maintaining the confidentiality of respondents, the names of 
respondents do not appear in the spreadsheet. Instead, each respondent is assigned a number 
which appears in the first cell corresponding to his answers.  
The purpose of analyzing the collected data is to rank the problems facing the SCI, SBMI, 
utilization of local BMs and technology transfer according to their importance to the 
respondents. Defining the interrelationship between different factors affecting each of the above 
mentioned aspects subject to the analysis is targeted as well.  
T-tests are used for the purpose of comparing two variables measured in the same sample. 
Alternatives to this nonparametric test are the Sign test, Wilcoxon's matched pairs test and 
McNemar's Chi-square test. In case more than two variables are measured in the same sample, 
nonparametric methods suggest Friedman's two-way analysis of variance and Cochran’s Q test 
(for categorized variables, i.e., "passed" vs. "failed") to be applied.  
The correlation between two variables, when parametric techniques are used, is expressed by 
the correlation coefficient. Nonparametric equivalents to the standard correlation coefficient are 
Spearman R, Kendall Tau and coefficient Gamma. If the two variables of interest are categorical 
in nature, appropriate nonparametric statistics for testing the relationship between the two 
variables are the Chi-square test, the Phi coefficient and the Fisher exact test. In addition, a 
simultaneous test for relationships between multiple cases is available and can be developed 
through Kendall’s coefficient of concordance. This test is often used for expressing inter-rater 
agreement among independent judges who are rating (ranking) the same stimuli (Hill & Lewicki, 
2007). Given the correlation between variables, the path analysis method is a way for 
describing the direct dependencies among these variables. 
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Based on the type of collected data, the following tests are employed for analyzing the data in 
order to produce interpretable results. The tests are categorized according to the objectives 
assigned for the analysis. 
• Tests for measuring the difference between variables 
- Friedman chi-square test (X2r); 
- Kendall’s coefficient of concordance (W); and 
- Importance index (I) 
• Tests for measuring the relationships between variables 
- Spearman’s correlation (ρ); and 
- Kendall’s correlation (τ) 
• Tests for measuring the dependency between variables 
- Path Analysis(β) 
12.3.1.  Friedman chi-square test (X2r) 
The Friedman test, named after Milton Friedman (1937), is a non-parametric statistical test used 
to compare observations repeated on the same subject. This test is an alternative to the 
parametric repeated measures ANOVA, however with less powerfulness. The Friedman test, 
similar to many non-parametric tests, uses the ranks of the data to calculate the statistic. It is 
useful for the purpose of comparing two variables measured in the same sample. Friedman 
tests the null hypothesis that the distribution of the ranks of each type of score is the same. For 
each case, the X variables are ranked from 1 to k. The test statistic is based on these ranks. 
Generally, the X2r distribution should not be used if any cell contains an expected frequency of 
less than five (Shaddad, 1983; Fellows & Liu, 2008). The procedure involves ranking each row 
together, then considering the values of ranks by columns.  
The general computation formula for the Friedman Chi-square test is: 
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Where: nj: number of items in sample j;  
Rj: sum of the ranks of the item in sample j; 
K: number of samples; and 
n= n1+n2+…+nk: total number of observations in all the samples 
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12.3.2. Kendall’s coefficient of concordance (W)
Kendall's coefficient of concordance (Kendall's W) is a non-parametric statistic which can be 
used for measuring the degree of agreement of the respondents on a specific item (Kendall & 
Smith, 1939). It is a normalization of the statistic of the Friedman test. Kendall's W values range 
from 0 (no agreement) to 1 (complete agreement). Intermediate values of W indicate a greater 
or less degree of unanimity among the various responses. The Kendall's W is expressed as: 
`  ,Xa	.+b  +  ,X
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Where: S: sum of square of deviations of variances 
m: number of respondents; 
n: number of variances; 
Ri: the total rank given to object i; and 
c*: the mean value of the total ranks given to object i 
12.3.3. Importance index (I) 
Along with the Friedman Chi-square and the Kendall’s coefficient of concordance (W), 
importance indices that measure the relative importance of different factors affecting the 
performance of the SCI and the SBMI have been developed. Variables are then ranked 
according to the degree of agreement of respondents on the level of influence of each variable. 
Consequently, variables of low importance index values are perceived to be of lower importance 
than variables of higher importance index values. The results of the importance index 
calculation are expected to be slightly different from the results of other statistical techniques 
employed to measure the difference between variables. The difference in ranking the factors is 
attributed to the method of calculation applied by each technique. The Friedman Chi-square test 
and the Kendall’s coefficient of concordance (W) only consider the cases without any missing 
data. Whereas the importance index extrapolates the percentages calculated from valid cases 
to the whole population. The same method was applied by Sultan and Kajewski (2004) to 
indentify the important factors affecting the CI in Yemen. The relative importance of each factor 
is calculated as follows: 
d  ,>>∑ e$f$&$'(+g
Where:  
wi: is the weight of rank for variable i (ranging from 5 for very high influence to 1 for very 
low influence) 
fi: the frequency of the response  n: the total number of respondents 
F: the highest weight of ranking (5) 
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12.3.4. Spearman's rho (ρ)
Spearman's rho or Spearman's rank correlation coefficient, named after Charles Spearman 
(1904), is a non-parametric measure of statistical dependence between two variables. It is 
usually used when one or both of the variables is/are not assumed to be normally distributed 
and interval (but is/are assumed to be ordinal).  
Spearman's Rho produces a rank order correlation coefficient that is similar to the correlation 
coefficient produced by the Pearson's correlation coefficient test. They are similar in terms of 
proportion of variability accounted for, except that Spearman R is computed from ranks. The n 
raw scores Xi,Yi are converted to ranks xi,yi, and Spearman's rank correlation coefficient, 
denoted as ρ (rho) or as rs, is computed from these equations below: 
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 #%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 )*+ 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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where: 
: correlation coefficient between X & Y; #% and )*4
means of X & Y; and  & : standard 
deviations of X & Y 
The sign of the Spearman R indicates the direction of association between the two variables 
tested. A positive sign of Spearman R implies a positive correlation between the two variables 
while a negative sign indicates a negative correlation. In other words, a positive sign implies that 
Y tends to increase/decrease when X increases/decreases. Whereas a negative sign means 
that Y tends to decrease/increase when X increases/decreases. A perfect Spearman correlation 
of +1 or −1 occurs when each of the variables is a perfect monotone function of the other. 
12.3.5. Kendall tau-b (τ)
The Kendall rank correlation coefficient, developed by Maurice Kendall (1938) and commonly 
referred to as Kendall's tau (τ) coefficient, is another non-parametric technique to test for 
statistical dependence by measuring the association between two variables. This test evaluates 
the degree to which individuals or cases with high rankings on one variable were observed to 
have similar rankings on another variable. Kendall's tau is equivalent to Spearman R with 
regard to the underlying assumptions. It is also comparable in terms of its statistical power. 
However, Spearman R and Kendall tau are usually not identical in magnitude because their 
underlying logic as well as their computational formulas are very different. Thus, for many joint 
distributions these two measures have different values, as they measure different aspects of the 
dependence structure. For example, if X and Y are random variables with marginal distribution 
functions F and G, respectively, then Spearman’s ρ is the ordinary (Pearson) correlation 
coefficient of the transformed random variables F(X) and G(Y), while Kendall’s τ is the 
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difference between the probability of concordance P[(X1− X2)(Y1 − Y2)>0] and the probability of 
discordance P[(X1 − X2)(Y1 − Y2)<0] for two independent pairs (X1, Y1) and (X2, Y2) of 
observations drawn from the distribution. In terms of dependence properties, Spearman’s ρ is a 
measure of average quadrant dependence, while Kendall’s τ is a measure of average likelihood 
ratio dependence (Fredricks & Nelsen, 2007). In other words, Spearman R can be thought of as 
the regular Pearson product moment correlation coefficient, that is, in terms of proportion of 
variability accounted for, except that Spearman R is computed from ranks. Kendall tau, on the 
other hand, represents a probability, that is, it is the difference between the probability that in 
the observed data the two variables are in the same order versus the probability that the two 
variables are in different orders (Hill & Lewicki, 2007). 
Tau-b statistic, unlike tau-a, makes adjustments for ties and is thus more suitable. Values of tau-
b fall in the range from −1 to + 1 where a value of zero indicates the absence of correlation. The 
Kendall tau-b coefficient is calculated according to the following equation: 
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12.3.6. Path Analysis (β)
Path analysis, developed by Sewall Wright (1921) is a statistical method used to examine 
dependencies among a set of variables. The method is a generalization of multiple regression 
focusing on causality. In fact, it is an extension of the regression model, which researchers use 
to test the fit of a correlation matrix with a causal model to test (Garson, 2004). Thus, it is used 
to evaluate the plausibility of theoretical hypotheses or validating a correlation relationship. Path 
analysis aims at providing estimates of the magnitude and significance of hypothesized causal 
connections among sets of variables displayed through the use of path diagrams. It is used to 
analyze data relative to a pre-specified causal model. Yet it cannot establish absolutely the 
direction of causality between variables (Stage, Carter, & Nora, 2004). Thus, it is a method of 
tracing the implications of a set of causal assumptions that the researcher is willing to impose 
on a system of relationships (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975). 
One can conduct a path analysis with a series of multiple regression analyses. The outcome of 
path analysis is a model which explains the interaction of a large number of variables to 
illustrate the causality entertained in a network of relationships (Fellows & Liu, 2008). The model 
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must express more than correlation because correlation does not imply causation. The purpose 
of developing a causality model is to allow the researcher to clearly demonstrate the 
relationships among different variable that are attributable to a specific phenomena. Variables 
that are independent of effects apart from influences from outside the model are referred to as 
exogenous constructs. Whilst endogenous constructs are variables which are influenced by 
other endogenous constructs and/or exogenous constructs. All exogenous constructs are 
independent variables in the causality model. The causality runs from variable X (independent 
variable) to variable Y (dependent variable) is measured by the path coefficient (β). A path 
coefficient indicates the direct effect of a variable assumed to be a cause on another variable 
assumed to be the effect. The coefficients used for building the model should be standardized 
to allow comparing the relative effects of the variables within the fitted regression model. The 
standardization is a product of ordinary regression coefficient by the standard deviations of the 
corresponding variable. The path coefficients for the full model are derived from a series of 
“layered” multiple regression analysis.  
The significance of a path analysis is determined by the sample size (Klein, 1998) as well as the 
number of variables (Stage, Carter, & Nora, 2004). Generally, a minimum of 20 cases per 
variable measured in the model is recommended. Before performing a path analysis, the 
researcher should: determine the variables to be included in the model; specify the order of 
those variables in the model; and identify the important paths to be modeled.  
Path analysis is based on the assumptions that: (a) the exogenous and endogenous constructs 
are measured with no or negligible error; the relation between exogenous and endogenous 
constructs is unidirectional, linear and additive; the residuals are independent, uncorrelated and 
have a mean of zero and constant variance across observations (Stage, Carter, & Nora, 2004; 
Fellows & Liu, 2008). If variable Y is dependent on variables X1, X2 and X3, then, the total effect 
of a unit change in each of the three independent variables on the dependent variables is 
calculated as follow: 
;  ; 
;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If variable Z is dependent on Y and Y is dependent on X, the effect of X on Z is derived from the 
following equation: 
;  ; 
;  < 
Where:  
 ; : coefficient of path X to Z; 
 ; : coefficient of path X to YA; and 
 ; : coefficient of path Y to Z 
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12.4. Internal Consistency (Reliability) of the Questionnaire 
It is important to determine the extent to which a set of items, as a group, in a questionnaire are 
closely related. Using reliability analysis is a way of determining the extent to which the items in 
a questionnaire are related to each other. Reliability analysis provides an overall index of the 
repeatability or internal consistency of the scale as a whole. It provides information about the 
relationships between individual items in the scale. Hence, it allows studying the properties of 
measurement scales and the items that make them up. 
Cronbach's alpha (α) is a coefficient that is commonly used as a measure of the internal 
consistency or reliability of a questionnaire. Higher values of alpha, which varies from zero to 1, 
are more desirable. A commonly-accepted range of 0.6-0.7 for α indicates acceptable reliability 
and 0.8 or higher indicates good reliability. The coefficient of reliability of the subject 
questionnaire is calculated using the SPSS. The reliability test was run to examine the 
relationship between the items in different sections of the questionnaire as well as the whole 
questionnaire.  
According to the values of α presented in Appendix  8.4, the questionnaire items seem to be 
closely related, and thus reliable in addressing the problems under investigation. The highest 
value of α is associated with the items in section B, C and D collectively. The items of section B 
(problems of SCI and SBMI) shows a high rate of α (0.9521). The reliability coefficient of the 
overall questionnaire was calculated at 0.829 indicating high level of reliability. 
12.5. Consistency of Responses 
The validity of a questionnaire results is a function of the consistency of respondents in 
answering the questions of that questionnaire. It is the researcher’s task to check for the 
consistency of respondent’s answers. One way to assure the consistency of respondents in 
answering the questions can be managed by asking one question more than once. In some 
parts of the questionnaire some questions have been asked within different contexts (i.e., poor 
linkage between research and practice; q9, q14 and q10 in sections B5, C1 and D respectively). 
The responses to those questions are almost similar given the differences in the context in 
which each question is asked. The percentage of frequencies for each rank category remains 
with the same distribution (Appendix  8.5). Alternatively, consistency test can possibly be 
performed by asking many pairs of similar questions and compare the responses to those 
questions. The questionnaire of this study included many questions which provide the same 
conclusion however in a different way and context. The responses show the same distribution 
pattern among different ranking categories for the questions in section B1 (information scarcity) 
and section D (lack of information) (Appendix  8.6). Similarly, the responses to the questions q13 
in section B2 (poor utilization of local BMs and technologies) and q10 in section D (reliance on 
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imports) show consistency of respondents in answering those questions (Appendix  8.6). Highly 
significant correlations in responses to some paired questions were evident as well. For 
example, the spearman correlation coefficient (0.354) between the answers to q8 in section C1 
and q6 in section E is found to be highly significant. Appendix  8.5 demonstrates the frequencies 
of different ranking categories for each question according to the overall response to the 
questionnaire. Appendix  8.6 shows the correlation between every two pairs of questions tested. 
12.6. Reliability, Validity and Significance of Variables 
The research adopts the Friedman chi-square test (X2r), Kendall’s coefficient of concordance 
(W) and Importance index (I) to measure the difference between variables. The results of the 
survey are presented in Appendix  8.7 which shows the corresponding percentage for each 
ranking category. The results of Friedman Chi-square test are incorporated in the results of 
Kendall’s W test as demonstrated in Appendix  8.11. The reliability of results is indicated by the 
probability (p-value) of obtaining a test statistic at least as extreme as the one that was actually 
observed, assuming that the null hypothesis is true. If a test of significance gives a p-value 
lower than the significance level (i.e., 5% (0.05), 1% (0.01)), the null hypothesis is thus rejected. 
All the results of the Friedman Chi-square test and those of Kendall’s W test are found to be 
statistically significant at the level of 0.01. Hence, there is statistical evidence that the variables 
are different in their magnitude. 
On the other hand, tests to measure the relationships between variables are performed using 
the Spearman’s correlation (ρ) and Kendall’s correlation (τ). The results of both methods are 
similar, yet with different strength. The Spearman’s correlation coefficients are consistently 
higher than those obtained by Kendall’s methods for all variables. However, the level of 
significance of correlations remains the same for both methods. Correlation matrixes are 
developed to demonstrate the strength of correlation between every pair of variables in different 
sets of groups. Three groups of variables are subject to the correlation test. The first group of 
variables (61 variables) includes those factors which possibly influence the performance of the 
SCI and SBMI. The second matrix (14 variables) includes the factors that are possibly 
contributing to the underutilization of the LBMs. The third set of variables (15 variables) includes 
the factors that hinder the successful transfer of technologies. The correlation coefficients have 
been calculated using SPSS. Appendix  8.8, Appendix  8.9, and Appendix  8.10 display the 
correlation coefficients for the factors in the three sets of variables. 1830, 91 and 105 correlation 
coefficients have been calculated for the first, second and third sets of variables respectively. 
Obviously, this number of correlations does not include the correlation between each factor and 
itself. For the first set of variables (1384) and (244) correlations were found to be statistically 
significant at 1% and 5% levels of significance respectively. The corresponding figures for the 
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second group of variables were 72 and 7 correlations respectively. While for the third group of 
variables the corresponding number of correlations of statistical significance at levels of 1% and 
5% is 103 and 1 respectively. 
12.7. Ranking of Variables 
No doubt, the SCI and the SBMI are faced with several problems which impede their 
development. However, the magnitude of these problems and their urgency are not equal. 
Hence, it is important to identify the problems which significantly influence the performance of 
both industries in order to prioritize the actions to be taken for eliminating or at least minimizing 
their effects. Similarly, the attributes to the underutilization of LBMs and the ineffectiveness of 
TT of building technologies will be categorized according to their importance. 
Two statistical tests, Friedman chi-square test (X2r) and Kendall’s coefficient of concordance 
(W), are employed to measure the importance of variables based on the agreement of 
respondents on their magnitude. Along with these two methods, an importance index (I) has 
been derived for each variable as well. For the purpose of comparing the influence of the 
variables within different contexts, the variables have been categorized into three groups with 
sub-groups where relevant. The variables are grouped as follow (Figure  12.1): 
Group (A): Factors related to the performance of the SCI and the SBMI 
Sub-group i: Socio-economic and political factors 
Sub-group ii: Factors related to the structure and capacity of the SCI 
Sub-group iii: Working environment and behavioral factors 
Sub-group iv: Resources (financial, physical and human) 
Sub-group v: Supporting systems 
Group (B): Factors specific to the utilization and selection of BMs  
Sub-group i: Underutilization of LBMS 
Sub-group ii: Evaluation of some aspects the SBMI 
Sub-group iii: The role of stakeholders in the selection of BMs 
Sub-group iv: Criteria of BMs selection 
Group (C): The problems of technology transfer   
Friedman chi-square test (X2r) and Kendall’s coefficient of concordance (W) provide similar 
results to those of the importance index, yet with some differences. The Friedman and Kendall 
tests consider only the variables without any missing data for the cases and variables in 
consideration. While the importance index calculates the valid percentage of frequencies - 
without missing data - for each ranking category then extrapolates the results to the whole 
population. For example, three respondents did not answer q1 in section B1, thus the valid 
percentage is calculated by extrapolating the percent of frequencies obtained from the 
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respondents (198) to the whole population (201). Therefore, the number of cases used for 
calculating the importance index is always 201 whereas the number of cases considered by the 
Friedman and Kendall tests depends on the number of cases without any missing answers for 
the variable under investigation. 
The economic and political instability (6.07) followed by the lack of strategic planning (5.99) and 
socio-economic status (5.88) are identified as the three most important factors, within the 
factors related to the socio-economic environment, which influence the performance of the SCI 
and SBMI. Lack of planning (10.4), lack of performance measures and development indictors 
(10.15) and low technological development (9.97) dominate the list of the problems related to 
the structure and capacity of the SCI. While the domination of foreign firms (5.9) and the 
informal sector (7.15) tail the list. 52.4% of the respondents indicate their dependence on the 
informal sector. They also agree on the negative influence of corruption (5.27), delays in 
payments (5.15) and poor level of professionalism (4.88) on the working environment. 
Inappropriateness of management (3.88) and bureaucracy are found to be of less importance 
(3.99). The problems the BMs production and supply, namely high costs of delivery and 
transportation (168), high prices and instability (119) and high investment costs of production of 
BMs (10.61) top the list of factors which are related to resources. These problems are followed 
by lack of interest in human resources development (10.52) and unavailability of finance (10.3). 
The respondents report that the location of BMs production facilities (7.41) and the informal 
employment are less important (7.59). Research related factors are found to be of high 
importance to the performance of the SCI and the SBMI. Poor linkage between research and 
practice (5.88) is ranked 1st followed by lack of studies and information (5.29) and inadequacy of 
research and development programs (5.15). Inappropriateness of legislations and regulatory 
instruments (4.38) are found to be less critical. 
The results indicate that the socio-economic and political factors (2.15) are of great importance 
to the performance of both industries. The factors related to the availability and quality of 
resources (2.17) are ranked 2nd followed by the factors related to the structure and capacity of 
the CI (2.99), working environment (3.46) and supporting systems (4.23). Among all the 61 
factors collectively, the high costs of delivery and transportation of BMs has been marked as the 
most important factor followed by the absence of a linkage between research and practice and 
the high prices of BMs. 89.2% of the respondents estimate the share of BMs in the total cost of 
construction in the range from 40% to 70%. The domination of foreign firms is perceived to be 
the least important factor. The majority of respondents indicate that the SBMI is inefficient (86%) 
and incapable of satisfying the demand made by the construction sector for BMs (82.2%). 
Accordingly, 73.5% of the respondents agree that the industry needs to change and believe that 
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it has the potential to improve (70.6%). The respondents (73.5%) suggest that the professional 
institutions have a key role to play in the development of the SBMI. 
According to the responses received, 40% of the respondents agree that designers tend to 
neglect incorporating LBMs in their designs. The survey results indicate that the government 
strategy and policies (9.36) as well as the poor linkage between research and practice (9.26) 
are important factors contributing to the neglect of LBMs. The respondents reported that non-
durability of local BMs (5.66) is the least important factor contributing to abandoning LBMs. 
70.9% of the respondents indicates the high dependence on imports in the supply of BMs. This 
could be attributed to the low level of participation of local firms in the production and supply of 
BMs (5.52) and the low level of protection to the local industry (5.10). The survey reveals that 
72% of the respondents attribute the delays and costs overrun of projects to the problems of 
BMs. 69% believe that the level of wasted materials in construction is high. The respondents 
attribute this to the quality of workmanship (78%) and poor supervision (75.1%). 
The survey indicates that designers (10.13), clients (9.51), contractors (8.89), materials 
suppliers (8.81) and subcontractors (7.26) were identified as the key players in regard to the 
selection of BMs. The role of unions (4.49), workers (5.09) and research institutes (5.43) is 
found to be of less significance. The respondents express that price (4.12) is the first criterion in 
the selection of BMs followed by specifications (4.1). Therefore, it makes sense that 79.8% 
agree that financial biddings have high influence on the selection of BMs. 
Along with the agreement of respondents (69.9%) on the role of designers in applying new 
materials and technologies, 60.9% of the respondents agree on the effectiveness of the transfer 
of technology for the housing sector. About half of the respondents acknowledge their 
contribution to the transference of technologies for housing. Lack of government’s support 
(9.69) has been identified as the most important factor influencing the transfer of technology 
and the application of appropriate building materials and technologies in the Sudan. Investment 
in training, education and research is ranked second and followed by the availability of 
technological infrastructure. 
The questionnaire’s results indicate that 65.5%, 32.5% and 2% of the respondents use a mix of 
labor and capital, labor intensive and capital intensive methods for construction respectively. 
12.8. The Relationship between Variables 
A matrix of correlation has been developed for each group of variables (A, B and C). The results 
of correlation tests are depicted in (Appendix  8.8, Appendix  8.9 and Appendix  8.10). The 
interpretation of these correlations follows the rule of thumb that: ρ values greater than 0.5 
indicate strong correlations; ρ values greater than 0.3 indicate moderate correlations; and ρ 
values less than 0.2 indicate weak correlations (Bannaga, 2010). Yet, to consider that two 
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variables are correlated, the correlation test results should be statistically significant. In the 
correlation matrix the first row for each variable shows the strength of that variable with the 
variable in the corresponding column. The second row displays the significance of the 
correlation derived. The correlation coefficient marked with (**) and (*) indicate that the 
correlation between the two variables is significant at 0.1 and 0.5 significance level respectively. 
For the first group of variables, group (A), 1830 correlation coefficients have been calculated in 
addition to 61 correlation coefficient of 1; each factor is correlated with itself. Positive 
correlations are found between the variables in sub group (i): inadequate policies and economic 
and political instability (0.392); inadequate polices and regional inequalities (0.374); wars and 
conflicts and regional inequalities (0.406); and lack of government recognition and lack of 
strategic planning (0.451). In the subgroup (ii), lack of adequate management is positively 
correlated with inadequacy of design, tender and contractual documents (0.474), domination of 
the informal sector (0.355) and lack of planning (0.478). Poor contractors capabilities is 
positively correlated with the inadequacy of design, tender and contractual documents (0.394), 
inappropriateness of procurement system (0.440) which is correlated with the fragmentation and 
poor organization of the industry (0.435). The low level of technological development is 
correlated with the underutilization of LBMs and technologies (0.438), inefficacy of the SBMI 
(0.466), lack of specialization in BMs supply (0.447) and lack of performance measures (0.448). 
Relationships were evident among variables in the subgroup (iii) where, the poor level of 
professionalism is positively correlated with the disregard of professional ethics (0.477). Lack of 
coordination is correlated with the inappropriateness of management techniques (0.452) and 
lack of motivation (0.462). Strong positive correlations appear to be evident in the subgroup (iv) 
between the high costs of delivery of BMs and instability of prices (0.547). The high and 
unstable prices of BMs variable is moderately correlated with the unavailability of materials 
(0.413) and shortage of plants and machinery for production (0.432) which is positively 
correlated with the poor quality of locally produced materials (0.434). Other strong positive 
correlations are found between: shortage of skilled labor and lack of technical knowledge 
(0.593) and lack of training (0.452). Lack of interest in human resources development shows 
strong positive correlation with lack of training (0.508) and lack of central body for training 
(0.597). Informal employment is found to be correlated with lack of training (0.414), wages and 
salaries (0.495) and working conditions (0.432). The highest correlation coefficient ever found 
among the 61 variable is found in subgroup (v) between inadequacy of R&D programs and lack 
of research and studies (0.844). The poor linkage between research and practice is correlated 
with the lack of coordination (0.458), lack of research (0.509) and inadequacy of R&D programs 
(4.91). Absence of central body responsible for the development of the SCI is correlated with 
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the weakness of professional institutions (0.522) which is found to be positively correlated with 
the inappropriateness of laws and legislations (0.570). 
In addition to the correlations found between variables in each subgroup, many correlations 
were observed among variables belonging to different subgroups. For example, strong positive 
correlation is found between lack of central training body in subgroup (iv) and other variables in 
subgroup (v), namely: lack of coordination (0.511), lack of professional body for development 
(0.458), lack of research (0.410) and inadequacy of R&D programs (0.440). Lack of professional 
body for development in subgroup (v) is positively correlated with lack of performance measures 
and development indicators (0.411) in subgroup (ii). Instability of BMs prices in subgroup (iv) is 
correlated with high rates of risks and uncertainties in subgroup (ii) (0.350). The results indicate 
the existence of relationships between lack of planning in subgroup (ii) and lack of coordination 
(0.343) in subgroup (iii), shortage of plants and equipment (0.325), lack of technical knowledge 
(0.483), lack of training (0.409) in subgroup (iv) and weakness of institutions (0.340) in 
subgroup (v). Thus it is evident that the problems affecting the performance of the SCI and the 
SBMI are interrelated. 
Figure  12.1 below illustrates the inter-relationship between different groups of categorization. 
 
Figure  12.1: A model for the inter-relationship between the factors influencing the CI 
performance 
Construction 
Industry 
Performance
1- Socio-Economic and 
Political Environment
2- Construction Industry 
Environment
2-1 Construction Industry 
Structure and Capacity
2-2 Working Environment 
& Behavioral Factors
3- Resources
3-1 Financial Resources
3-2 Physical Resources
3-3 Human Resources
4- Supporting Systems
4-1 Regulatory System & 
Institutional Framework
4-2 Research and 
Development
Effect on the overall performance Effect on other category of problems
Chapter Twelve 
The Questionnaire Results and Analysis 255 
 
 
In the second group of variables - group (B) - (factors responsible for the underutilization of local 
BMs), 91 correlation coefficients have been calculated beside the correlation of the 14 variables 
with themselves. Most of the correlations examined (72) are found to be significant at 1% level 
of significance. Only 7 correlations are significant at 5% level and 12 correlations are statistically 
insignificant. These correlations vary in their strength considerably. The strongest positive 
correlation is observed between lack of research and poor linkage between research and 
practice (0.543). The application of inappropriate materials and technologies is positively 
correlated with limited variety of local materials (0.529) and inappropriateness and rigidity of 
regulations, codes, and standards (0.532). The designers’ orientation is correlated with the 
preference of clients and users (0.402). Lack of development and poor quality of locally 
produced materials is correlated with lack of government strategies (0.376), designers’ 
orientation (0.426), application of inappropriate materials and technologies (0.422) and 
inappropriateness and rigidity of regulations and standards (0.395). 
The factors that possibly influence the TT (15 variable) are summed in group (C). A total of 105 
correlations have been derived for this group in addition to other 15 correlation for each variable 
with itself. The number of correlations that are statistically significant at 1% and 5% is 103 and 1 
respectively and only two correlations were found to be statistically insignificant. This implies 
that the factors are interrelated. Lack of government’s fund and policies is positively correlated 
with lack of awareness (0.403), lack of technological infrastructure (0.406) role of public projects 
(0.434), lack of professional bodies for screening and diffusion of technologies (0.407), 
ineffectiveness of technology diffusion networks (0.464) and incapability to innovate and benefit 
from TT (0.486). The ineffectiveness of technology diffusion networks is correlated with lack of 
professional bodies for screening and diffusion of technologies (0.499), incapability to innovate 
and benefit from TT (0.495), lack of linkages between various agents (0.406), investment in 
training, education and research (452) and poor linkage between research and application 
(0.452). The poor linkage between research and application is strongly correlated with 
investment in research and development (0.550) and lack of documentation and dissemination 
of results (0.439). The reluctance to apply new materials and technologies is correlated with 
lack of linkages between stakeholders (0.420). 
12.9. Path Analysis Diagram 
Successful TT in the application of appropriate building materials and technologies for housing 
in the Sudan is hindered by many factors. The questionnaire of this study has investigated the 
perception of the SCI stakeholders towards the influence of some of these possible factors. 
Based on the correlation between these attributes, the author constructed a model (Figure  12.2) 
that demonstrates the causality relationship among these factors. Indeed, Spearman’s and 
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Kendall’s correlation coefficients do not demonstrate the causality relation between variables. 
They only indicate how strongly two variables are correlated. The path analysis is useful in the 
sense that it measures the magnitude of each variable’s effect on another as well as its indirect 
influence on other variables. The proposed causal model demonstrates the possible causality 
between variables which possibly influence the successfulness of TT for the application of 
appropriate building materials and technologies in construction. The path analysis method is 
employed to test the plausibility of the hypothesized model. The model testing is based on the 
results of the questionnaire collected from to 213 respondents. A caveat is in order here, only 
201 respondents have answered the questions of this section. Missing data vary from 3 to 7 for 
all the questions of the section. However, the frequencies obtained for each question are 
extrapolated to the entire population. 
The hypothesized model assumes that the successfulness of technology transfer is primarily 
determined by the level of awareness of the benefits of knowledge sharing and transference. 
According to the correlation matrix presented in (Appendix  8.10), all the variables are 
significantly correlated with the exception of two correlations. The variable (1.1): awareness of 
TT benefits is positively correlated with variables (1.2): government support and (1.5): lack of 
professional bodies for screening and diffusion. The construct (1.2): government support is 
correlated with (1.3): role of public projects, (1.4): scientific and technological infrastructure and 
(1.9): investment in training, education and R&D. The presence of professional bodies (1.5): is 
found to be significantly correlated with (1.4): scientific and technological infrastructure, (1.9): 
investment in training, education and R&D, and (1.8): linkage between various agents. 
Investment in training, education and R&D (1.9), as well, is correlated with (1.7): capability to 
innovate, (1.10): linkage between research and practice and (1.11): documentation and 
dissemination of information. Linkage between research and practice (1.10) is correlated with 
(1.7): capability to innovate, (1.11): documentation and dissemination of information and (1.12): 
availability of information. The effectiveness of TT network (1.6) is correlated with (1.8): linkage 
between various agents and (1.10): linkage between research and practice. All these 
correlations are positive and significant at p<0.01. 
Based on the proposed model (Figure  12.2) and the answers of the 201 respondents, path 
coefficients have been calculated. The path coefficients (β) for each set of variables are 
presented in Appendix  8.12. The higher the β value the higher the effect of a variable on the 
other. High β values indicate the importance of the variables and their influence. The β values 
for all variables tested are positive implying the positive correlation between variables. The path 
analysis results suggest that three causal relations are found to be insignificant. These casual 
relations are between: (a) scientific and technological infrastructure (1.4) and documentation 
and dissemination of information (1.11); (b) scientific and technological infrastructure (1.4) and 
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linkage between agents (1.8); and availability of information (1.12) and linkage between 
research and practice (1.10). Additionally, these three variables are associated with the smallest 
β values among all variables. All insignificant casual relationships are displayed by dotted lines 
and consequently removed from the model. 
The direct effect of a variable on another is represented by an arrow leading directly from the 
cause to the effect. According to the path analysis calculations, the highest direct effect (β= 
0.551) in the model goes from variable (1.2) government support to (1.3) role of public projects 
in TT. Apart from the variables with insignificant results, the existence of professional bodies for 
screening and diffusion of technologies (1.5) is the variable of the smallest β value. The effect of 
awareness (1.1) appears to be of high importance to the support of government (β= 0.354) and 
the formulation of policies. The results suggest that the role of professional bodies (1.5) seems 
to be of greater importance to the investment in education, training and R&D (1.9) than that of 
government’s fund and support (β= 0.221). The documentation and dissemination of information 
(1.11) shows high influence (β= 0.480) on the availability of information (1.12). 
 
Figure  12.2: Path Analysis model 
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Indirect effects between variables can be measured through a cumulative effect from variable X 
on variable Z through an intermediate variable Y. For example, government’s support (1.2) 
indirectly influences the capability to innovate (1.7) through the intermediate variable (1.9) 
investment in training, education and R&D. Given the path coefficients calculated for each set of 
variables. The effect of awareness of TT benefits (1.1) on capability to innovate (1.7) can be 
calculated as follow: 
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  ;,O,,OI  ;,OI,O  ;,O,O  ;,O,,OX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Therefore, one-unit change in variable (1.1) awareness of TT benefits results in a 0.119 change 
in variable (1.7) capability to innovate while controlling for all extraneous causes. In conclusion, 
the effectiveness of TT network and application is linked to the awareness of the benefits of TT 
through a mediation of all the variables included in the model. However, the magnitude of each 
variable differs according to its direct and indirect influence on the end result. 
12.10. Discussion 
The statistical methods employed in this study conclude that the problems of the SCI and the 
SBMI are interrelated. However, their magnitude and the urgency of solution differ significantly. 
Statistical tests for correlation robust the assumption that the factors are interrelated, and thus 
categorization has some overlaps. It was obvious that the factors under a specific category are 
correlated and are, possibly, caused by factors from different groups of categorization. Thus, 
manipulating one factor will definitely throw shadows of effect on other factors. 
The factors affecting the performance of the SCI and the SBMI differ in terms of importance and 
magnitude. The socio-economic and political environment appears to be of high importance to 
the development of the SCI and the SBMI. The results of statistical analysis in chapter ( 7) 
suggest that the construction sector is growth-dependent and not growth-initiating sector. Thus, 
the construction sector and its subsectors are influenced by the economic performance which is 
basically affected by the political regime in power. In this sense, the government, as a major 
client, should help the CI performing its potential role in the socio-economic development. Fox 
and Scott (1999) suggest that government, through its policies towards intervention, can 
influence the performance of the CI through; its influence on general environment (i.e., policies, 
intervention); its influence on CI (i.e., institution-building and development, rules and 
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regulations); and its influence as a client. The government should lay the ground for the 
development of the construction sector through strategic planning and policy formulation. 
Macro-economic policies that positively stimulate the demand for construction can be adopted. 
Non-inclusion of the construction sector in strategic plans explicitly implies that the government 
does not clearly recognize the importance and potentialities of the sector in the socio-economic 
development. The analysis demonstrates that government support is also important for the 
application of appropriate technologies through the transference of successful technologies.  
Importantly, overcoming the problems of the construction sector is not a mere responsibility of 
the government. Indeed, all stakeholders have corresponding roles to play. Because the 
problems are interrelated, the efforts for improving the performance are cooperative 
responsibilities. Therefore, professional institutions should play a significant role to bring all the 
stakeholders together for the renaissance of both industries. Moreover, professional institutions 
are responsible for raising the awareness of the potentials of the construction sector. It appears 
that most of the solutions to the problems investigated in this study lie at the hands of the 
government and professional institutions. It is quite possible that what is initiated by one actor 
can possibly be performed by other actor(s). Therefore, effective coordination between all the 
stakeholders is a prerequisite if improved performance and development are to be attained. 
This coordination would, in turn, result in a planning process that considers all the stakeholders’ 
sake and welfare.  
According to the results of the analyzed data, issues related to the supply of BMs are major 
impediments to the development of the SCI. The problems of BMs in the Sudan are 
encapsulated in issues of availability, prices, quality and appropriateness. The investigation of 
the magnitude of factors influencing the underutilization of LBMs reveals that the government 
strategies and vision is of high importance. The problems of BMs are reflected in the adoption of 
inappropriate building materials and technologies for construction. The problems of using LBMs 
are not attributed to the durability of those materials. They are, in the first place, attributed to 
other factors which impede the use of appropriate materials and technologies.  
Raising the awareness of the benefits of TT would possibly result in sustainably exploiting the 
resources available for the CI. Linkage between research and practice is a cited hindrance to 
the development of the SCI and the SBMI, application of appropriate materials and technologies 
and successful TT. Hence, investing in collaborative focused research that answers real life 
needs is seen as an effective way of overcoming the difficulties of the SCI. The respondents 
ranked the domination of foreign firms as the least important factor. Hence, exploiting the 
benefits of technology transfer associated with the participation of foreign firms seems 
potentially possible to offset the expected drawbacks. 
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12.11. Conclusions 
The problems of the CI, no matter where, seem to be interrelated. This characteristic imposes 
additional difficulties in overcoming the challenges by which the industry is faced. The problems 
do not lie within a specific scope, and so do the solutions. Thus, a comprehensive view is 
required to understand the nature of these problems, their magnitude, correlation and causality. 
Understanding the causes of these problems and their interconnectivity are crucial to the 
formulation of solution oriented policies. It is quite possible that a solution of a specific problem 
creates or exacerbates other problems. Primary data remain the only possible way for 
investigating the problems of the SCI and its subsectors in the Sudan as a result of lacking 
relevant, accurate, and reliable data. This study relies on primary sources of data to investigate 
the problems of the SCI and the SBMI with specific focus on the utilization of local materials and 
the application of appropriate building materials and technologies. A questionnaire is designed 
for that purpose and data have been collected, processed and interpreted. The factors affecting 
the performance of SCI and the SBMI, underutilization of local BMs and successful technology 
transfer are ranked according to their importance. The government’s support tends to be an 
important factor in comparison to other attributes. The analysis indicates that the problems of 
the SCI and the SBMI are interrelated. Hence, cooperative efforts should be made to overcome 
these shortcomings. 
  
 
 
 
 
 
 
 
 
 
 
13. Chapter Thirteen: Conclusions and Recommendations 
262 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
 
13.1. Achievement of Objectives 
The study aimed at conducting a comprehensive and elaborate review and analysis of the 
construction and building materials industries in the Sudan focusing on locally produced building 
materials and building technologies employed in the provision of housing. The scope of the 
research is multidisciplinary involving different areas of concern. The main objectives of the 
study were to measure the significance of the CI in the socio-economic development in the 
Sudan and to examine the relation between construction and the whole economy and its 
subsectors. The study also aimed at assessing the potentials of the country for self-sufficiency 
of key BMs. The study attempted to evaluate the application of appropriate building materials 
and technologies for housing in the Sudan through the review of research efforts in that regard 
and the assessment of the potential role TT can play. Along with these objectives, the study 
aimed at measuring the relative importance of the factors influencing the development of the 
construction and building materials industries. 
A couple of materials and building technologies have been introduced to the Sudan recently as 
being convenient for low-cost housing. Some efforts to assess the cost effectiveness of these 
alternative materials and technologies have been made. However, the evaluation of the 
appropriateness of most of these materials and technologies was performed in regard to their 
costs only. The objective of this study was to extend the evaluation criteria to encompass, along 
with economical affordability, thermal performance and environmental impacts. 
An extensive review of the literature was conducted for the purpose of getting and in-depth 
insights of the topics under investigation. The review of literature involves the role of 
construction in the economy, the causality relation between construction and the total output of 
the economy and the challenges facing the CI in DCs. The literature demonstrated the role that 
construction plays in both developing and developed countries. It also highlighted the findings of 
different researchers in regard to the causality relationship between construction and the 
economy in different countries. 
Secondary data were collected to examine the socio-economic significance of the CI and the 
BMI in the Sudan. Official statistics and reports were very helpful in analyzing the role both 
industries play in the development of the nation. These data were processed using different 
statistical methods for the purpose of deriving conclusions about the role of construction in the 
Sudanese economy. The causality relationship between the construction and other sectors of 
the economy was examined as well. 
Secondary data from the literature and official reports and statistics were good sources of 
information about the status quo of the SBMI as well as its capacity and potentials. It helped 
describing the general situation of BMs production and their application in the Sudan. The 
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literature provided information about the status of research and innovation in building materials 
and technologies in the country.  
Case studies were helpful in understanding the mechanisms through which innovative and 
appropriate technologies are transferred. The case studies covered projects - involving transfer 
of technology - developed by; research institutes, governmental authorities, national and 
international NGOs, private sector companies and individual practitioners. Some of these 
projects involved TT from abroad. Almost, all the selected examples had introduced innovative 
approaches in the employment of BMs in the provision of low-cost housing in the Sudan. Many 
of these alternative materials were evaluated in order to assess their appropriateness to the 
Sudan in terms of thermal performance, environmental impact and costs. 
The literature review revealed that the factors influencing the development of the CI had been 
categorized in different ways. Despite the adoption of different points of view in the 
categorization of the factors influencing CID in DCs, almost all researchers tend to consider the 
same factors but within different sets of categorization. Categorization is believed to be helpful 
in investigating the problems facing the CI of the Sudan. The subject study has proposed a set 
of categories for the factors influencing the SCI and the SBMI to help evaluating their 
performances. 
A questionnaire survey was formulated for the purpose of collecting primary data about the 
impediments to the development of the CI and BMI in the Sudan. The study enumerated the 
possible problems facing the construction and building materials industries. These problems 
were tested to examine their relative importance to the development of both industries. The 
questionnaire targeted the stakeholders of the CI of the Sudan requesting them to reveal their 
perception towards the problems facing the industry. The questionnaire examined the 
magnitude of negative influences of factors affecting the underutilization of LBMs. It also 
investigated the factors influencing the successful transference of technologies. A model was 
developed to demonstrate how the successfulness of TT is influenced by the level of awareness 
of the benefits associated with TT. 
13.2. Research Findings 
Similar to its counterparts in other DCs, the SCI is found to be influenced by the political and the 
socio-economic conditions in the country as well as the performance of other systems upon 
which construction relies. Population growth and rapid urbanization are driving forces 
constraining the industry performance. The inability of the SCI to maintain balanced 
development among the entire country regions has contributed significantly to the insatiability 
the country is experiencing in terms of wars and conflicts. The war in the south and the conflict 
in Darfur are, mainly, attributed to the marginalization of the two regions. Statistics revealed that 
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the CI is incapable of responding to the demand for infrastructure necessary for development in 
the entire country, let alone these two regions. Furthermore, national development plans 
marginally include the CI and the BMI. 
Construction contributes, on average, about 4% to the total GDP of the Sudan. The study 
emphasized that official statistics and reports tend to limit measurements of construction output 
to the formal sector and few types of construction activities. It argues that if the entire spectrum 
of construction activities and the role of the informal sector are included, the contribution of the 
construction sector will be much higher than what is officially reported. It was not possible to 
measure the significance of the SBMI to the economy due to the lack of relevant data. Available 
data about the production of BMs are limited to few materials only. Employment in the 
construction and building materials industries never appears in national data series. 
Since 2000 onwards the amount spent on construction has increased consistently as result of 
massive production of oil. Generally, the construction sector’s output experienced high levels of 
fluctuations, however, after oil production the sector’s output has become less volatile. The 
increasing demand for construction has been accompanied by an increasing demand for 
building materials and components. The production of many BMs has started after oil 
production and export (i.e., gypsum, marble, steel) and continued to increase.  
The study highlighted the importance of the CI to the economy which stems from the forward 
and backward linkage between the construction sector and other sectors of the economy. The 
construction sector responds to the needs of all sectors of the economy for construction 
products while these sectors procure the construction sector with essential inputs required for 
construction activities. The subject study examined the nature of the linkage between the 
construction output and the entire economy and its subsectors in the Sudan. The construction 
sector seems to be strongly correlated with all the 12 sectors of the economy as well as the total 
economic output. The strongest correlation was found to be between construction and the 
sector of transport and communication followed by the sectors of government services, 
electricity and water and mining and quarrying. Strong correlations imply the importance of 
these sectors in determining the growth of the construction sector meaning that any increase or 
decrease in the output of these sectors will, in turn, inevitably affect the level of construction 
activities and vice versa depending on the causality relationship. Despite the strong correlation 
between the construction sector and total GDP, the construction sector obtains a correlation 
coefficient smaller than that of all other sectors of the economy with exception to the imports 
and duties. 
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The causality test results indicated the existences of the three forms of causality between the 
construction output and the output of the economy and its sectors. The test revealed that 
aggregate economy leads construction flows. Accordingly, an equation was derived to 
demonstrate the long run equilibrium between construction flows and total GDP in the Sudan. 
These results suggest that the construction sector is growth-dependent and not growth-initiating 
sector. This conclusion support the finding of some previous researches (Tse & Ganesan, 1997; 
Tse & Raftery, 2001; Lean, 2001; Bynoe, 2009) concluding that GDP lead-lag construction. The 
same conclusion was drawn for the relationship between the construction sector and the 
sectors of: agriculture; mining and quarrying; manufacturing and handcrafts; transport and 
communication; finance, insurance, real estate and business; community, social and personal 
services; nominal financial institutions; government services; private non-profit services to HHs. 
The construction flows appear to be led by the performance of these sectors and not vice versa. 
Therefore, the past values of the performance of these sectors have predictive power of the 
current value of construction flows. On the other hand, the growth of the construction sector 
seems to stimulate growth of the sector of commerce, restaurant and hotel and the sector of 
import duties. Moreover, the test revealed that a bi-directional relationship appears to exist 
between the construction output and the output of the electricity and water sector. However, the 
causality running from the electricity and water sector to construction seems to be stronger than 
otherwise. 
The study explored the possibility of producing BMs locally in terms of raw materials availability. 
It indicated that production facilities are not distributed in a way that matches the patterns of raw 
materials distribution. Resources of raw materials required for the production of BMs are 
abundant in many locations in the Sudan, and their stocks are not accurately known. The study 
provided information about the gap between the demand for and the supply of some of locally 
produced materials. 
The research emphasized the role of innovation and research in applying appropriate materials 
and technologies in construction. It revealed that research efforts are limited to few materials 
and technologies. Furthermore, the results of those researches had not been disseminated or 
widely adopted. Case studies provided detailed information about some of the attempts to 
transfer knowledge about the application of some materials and technologies. Most of these 
technologies were introduced or disseminated through projects involving demonstration models, 
workshops and training programs adopting participatory approaches. The research indicated 
that despite the viability of many of these materials and technologies was proven, these 
technologies remain abandoned. The role of professional institutions in the adoption and 
transference of successful technologies appears to be marginal. 
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The study carried out a comparative analysis on some of the materials introduced to the NFHR 
to be adopted for low-cost housing in the Sudan. The results of this analysis will help the NFHR 
in the decision making regarding the most appropriate alternatives to adopt and disseminate. 
The results suggest that cost is not the only factor to consider in determining the 
appropriateness of materials. The study has considered other factors, beside cost, including 
thermal performance and environmental impact. According to the analysis results, variations in 
the thermal performance of different materials combinations are attributed to the roofing 
materials rather than walling materials. On the other hand, the environmental impact of each 
combination is highly influenced by the type of materials used for walls. Besides, combinations 
which appear to be good alternatives in specific aspect may not be appropriate in regard to 
other aspects. Traditional walling materials (mud and red bricks) appear to be the most 
appropriate alternatives in terms of thermal performance. The results indicated that the thermal 
performance of some materials can be improved through simple treatments. 
A questionnaire was circulated to 352 respondents representing different stakeholders of the 
SCI for the purpose of investigating the problems, highlighted in the research, by which the 
construction and building materials are faced. Three groups of variables were developed 
including: factors influencing the performance of the SCI and SBMI; factors contributing to the 
underutilization of the LBMs; and factors confronting successful transfer of technologies. Some 
of these groups were further split into subgroups to facilitate the analysis. Correlation matrixes 
were developed to demonstrate the strength of correlation between every pair of factors within 
each set of variables (Appendix  8.8, Appendix  8.9, and Appendix  8.10). The factors within each 
group were found to be correlated. Correlations between factors from different groups were 
observed as well indicating the interrelationship between factors influencing the performance of 
the CI. These correlations confirm that the factors are interrelated, and thus categorization has 
some overlaps. The study proposed a model demonstrating the interrelationship between the 
groups of factors influencing the performance of the construction and building materials 
industries (Figure  12.1). 
The study attempted to measure the relative importance of factors under investigation within 
each group. The results indicated that the socio-economic and political factors are of great 
importance to the performance of both industries. High costs of delivery and transportation of 
BMs, as one of the negative factors, was accorded the highest mean importance rating, and 
thus marked as the most important factor influencing the performance of the SCI followed by the 
absence of a linkage between research and practice and high prices of BMs. The domination of 
foreign firms is perceived to be the least important factor. The results indicated a consensus on 
the inefficiency of the SBMI as being incapable of satisfying the demand made by the 
construction sector for BMs. According to the results of the survey, the problems of BMs in the 
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Sudan are encapsulated in issues of availability, price, quality and appropriateness. The 
research indicated that lack of government strategies and vision is a contributory factor to the 
underutilization of LBMs. It concluded that the problems of BMs contribute to the adoption of 
inappropriate building materials and technologies for construction.  
The results of the survey revealed that government strategy and policies as well as the poor 
linkage between research and practice are important factors contributing to the neglect of 
LBMs. The study highlighted the role of designers, clients, contractors, materials suppliers and 
subcontractors in the selection of BMs. It concluded that cost is the first criteria to be considered 
in the selection of BMs. 
Furthermore, the study investigated the perception of the SCI stakeholders towards the 
influence of the possible factors hindering successful transference of technologies in the 
application of appropriate building materials and technologies for housing in the Sudan. Based 
on the correlation between these attributes, a generic model has been developed to 
demonstrate the causality relationship among these factors (Figure  12.2). The hypothesized 
model assumed that the successfulness of TT is primarily determined by the level of awareness 
of the benefits of knowledge sharing and transference. The results demonstrated that 
government support and professional institutions are important for the application of appropriate 
technologies through the transference of successful technologies.  
13.3. Research Limitations 
The research was intentionally limited to investigate specific aspects about the construction and 
building materials industries of the Sudan. The study demarcates the pivotal role construction 
plays in the socio-economic development of the country. However, the research only considered 
the role of the formal sector due to the lack of data pertaining to the output of the informal 
sector. The data employed in examining the role of the SCI in the economy was limited to 
official statistics and reports which invariably underestimate the output of the sector. 
Another limitation is imposed by lack of up-to-date data about the application of different BMs in 
the Sudan. Therefore, demarcating the potentials of the BMs availability was based on the 
estimates made by Battelle institute (1979); a study which has never been updated or revised. 
Accordingly, the underlying research limits it scope to the investigation of the possibilities of 
producing BMs locally. 
Furthermore, the research considered the entire country including the new nation of Southern 
Sudan which has become an independent country since 9th July 2011. Yet, the research 
outcomes are believed to be of high relevance and importance to both nations. 
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The comparison between different combinations of materials was limited to few criteria namely, 
thermal performance, embodied energy, GHGs and cost. Indeed, the assessment of the 
appropriateness of any building material should not, by any means, be limited to these criteria 
only. Nevertheless, the nature of the research and the length of the thesis required limiting the 
scope of the study. Any other evaluation criteria were beyond the scope of the subject research. 
Additionally, it is important to note that the EE and GHGs coefficients employed in the analysis 
were based on information available in the Inventory of Carbon and Energy (ICE) which 
provides general figures about EE and GHGs in materials manufacturing and processing. These 
coefficients should not, by any means, be interpreted as similar to the exact coefficients of 
materials in the Sudan. 
On a more fundamental level, it is important to note that the research did not consider all the 
problems facing the SCI. Yet, it considered many of the factors which are believed to confront 
the development of the CI in many DCs. Similarly, the research limited its scope to the 
investigation of few factors influencing the successful transference of technologies. The 
proposed model demonstrating the role of awareness of the benefits of TT was basically 
developed by only considering the factors under investigation. 
13.4. Contribution to Knowledge 
Given the defined scope of the research and its limitations, it is important to present the 
contribution of this study to knowledge. The study is believed to be one of the first 
documentations of the status quo of the SCI and the SBMI. The most important contribution to 
knowledge lies within the nature of the study as a multi-disciplinary. The research focused on 
different but interrelated aspects of the SCI. The research has linked the socio-economic 
context within which the industry performs with some of its technical and managerial aspects. 
The investigation of the relationship between construction and other sectors of the economy is 
believed to be the first study of its type in the Sudan. There is no previous work that has 
investigated this area before in the country. Additionally, it is believed that this is the only study 
that has investigated the causality relation between construction and the entire economy with its 
all subsectors. The conclusions of this part of the study will enrich current body of knowledge 
about the causality relationship between construction and the economy and enhance the debate 
on that issue. 
The research demonstrated the role that innovation and TT could possibly play in the adoption 
of appropriate materials and technologies. It highlighted the viability of TT in fulfilling sustainable 
development principles and requirements. The subject study is unique in the sense that it is the 
first study that has investigated the role of TT in adopting sustainable practices in construction 
in the Sudan.  
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The comparative analysis on different combinations of BMs has introduced basic criteria to be 
considered in regard to the choice of technologies. It examined the performance of materials 
based on simulation models which could be employed during the design stages. The research 
considered the environmental footprints of the tested materials in terms of EE and GHGs 
emissions. There is no documented study, so far, that performed similar analysis in the Sudan. 
The subject research has proposed a new generic model for the categorization of the factors 
influencing the performance of the CI. The proposed model is believed to enrich the current 
body of knowledge about the development of construction in DCs. The model is similar to those 
models proposed by Al-Omari (1992), Ofori (1980) and Fox & Skitmore (2006), yet with a 
different approach in categorizing the problems of the CI in DCs. The model provides a 
framework for studying the CI in DCs. The same model was employed to investigate the 
problems of the SCI. The results of the survey confirmed that the factors influencing the CI 
performance are complex and interrelated as proposed in the model. 
The study has scrutinized the challenges facing the construction and building materials 
industries in the Sudan, and is thus known to be the only comprehensive study in this regard. 
The current research is considered one of the few researches describing the CI in a developing 
country in details. The findings of this research are expected to be applicable in many similar 
DCs. 
The research demarcated some of the factors influencing the successfulness of technology 
transfer. The study has proposed a causality model developed to demonstrate the role of the 
awareness of the potentials of TT in the successfulness of transferring technologies. Many 
researchers have focused on the importance of TT, however, no efforts were made to model the 
causality relation between the factors influencing the successfulness of TT. The proposed 
model attempted to fill a gap in the current knowledge about the interrelationship between the 
factors affecting the successfulness of TT. 
13.5. The Value of the Research 
The value of the underlying research is attributed to its scope in investigating and reviewing the 
performance of the construction and building materials industries in the Sudan. The findings and 
the outcomes of the research will help decision makers planning for the development of both 
industries. Accordingly, areas of importance and high relevance could be identified. The study 
has deliberated the role of the construction sector in the Sudanese economy. The research 
pointed out the economic sectors which are believed to significantly influence the level of 
construction activities. Consequently, any attempt to improve the performance of construction 
sector should consider these sectors. 
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Additionally, the assessment of the possibilities of producing BMs locally enables decision 
makers to set strategies for the development of the indigenous BMI. It also helps planning for 
allocating resources for the production of BMs and the distribution of new facilities among 
different regions of the country. The research discussed the role that government can possibly 
play in the development of the SBMI. 
The investigation of the problems influencing the performance of the construction and building 
materials industries will help identifying priorities for the development of both industries. The 
study has measured the relative importance of the factors affecting the development of both 
industries. Thus, it forms a reference for the formulation of strategies and policies for the 
development of the construction industry in order to take its due place in the socio-economic 
development of the nation. Moreover, the research has examined the interrelationship between 
these factors, and thus scenarios could be developed for the improvement of the construction 
sector performance. The proposed model for the categorization of problems confronting the 
development of the SCI forms a baseline for the investigation of the industry and its subsectors. 
In addition, the research has proposed a set of criteria to be considered in regard to the choice 
of technology. It has introduced a set of criteria which can be adopted by designers as a basis 
for the assessment of alternative building materials and technologies. Such assessment criteria 
can be adopted by the relevant governmental authorities (i.e., NFHR) to set strategies and 
policies for the development of specific materials. 
The study exhibited the role that TT can play in the adoption of appropriate materials and 
technologies and thus attaining sustainable built environment. The proposed model for the 
interrelation between factors influencing successful TT would help the government and the 
stakeholders understanding the dynamism of TT and the potential role it can play. 
13.6. Research Recommendations 
Sudan as a developing country has experienced great economic development recently as a 
result of oil production and the end of war in the south. This development takes place in many 
fields, of which construction is an important one. The research has identified a set of challenges 
that face the construction industry in the country. Overcoming the challenges facing the SCI to 
meet the requirements of peace and development is progressively demanding. The industry is 
already under severe pressure which casts a shadow of doubts as to whether its capacity, 
efficiency, strength, and resources to cope with the existing and expected situation.  
Based on the research findings and conclusions a set of recommendations have been proposed 
for the purpose of developing the construction and building materials industries in the Sudan. 
Most of the recommendations are expected to be handled by the government and the 
professional intuitions which are believed to be the key players in the development of both 
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industries. Indeed each of SCI stakeholders has a role to play since that the CID is a 
collaborative effort. The author provides the following recommendations for the development of 
both industries for the purpose of attaining sustainability in development in general and in 
construction in specific; 
• The status of the SCI and the SBMI speaks for itself, and the need for radical change 
and development is undeniable. The government should play its due role in the 
development of the CI by explicitly including the construction sector and the BMI in 
national development plans. The government should understand that unless the 
construction sector performs efficiently, any attempts to develop any other sectors of the 
nation’s economy will be in vain, and with elusive results. The government should initiate 
a framework of strategies and appropriate policies with medium and long term goals for 
the development of both industries. It should recognize the importance of construction to 
the socio-economic development and welfare of the country. Macro-economic policies 
that positively stimulate the demand for construction can be adopted. 
• Efforts for the development of the CI will be marginally felt, no matter how actively the 
government is, unless efficient professional institutions and unions are part of that 
process. Professional institutions must educate the government on the nature of 
problems and requirements of the industry to develop progressively. The industry is in a 
desperate need for the establishment and/or activation of appropriate institutions 
necessary to facilitate the development of modern and sophisticated construction 
industry. The first step in the ladder of development is the formulation of a central 
executive agency (Sudanese Construction Industry Development Board) to take 
responsibility of administrating CID and to act as a core coordinator between different 
stakeholders. Such a body will help specifying a future vision for the SCI and will 
facilitate tailing industry specific strategies and plans in accordance to that vision. It will 
periodically ascertain the progress made in the implementation of CID programmes. It 
will also be responsible for the formation and application of strategies for educational, 
training, research and development programs. 
• Basically, whatever policies, regulations, and procedures are designed to attain a 
sustainable CI, it is important to explicitly establish a mechanism against which the 
performance is measured. Therefore, any efforts towards the improvement of the SCI 
should involve formulating an appropriate set of indicators for measuring and monitoring 
the progress of the industry performance and improvement. Indicators could be utilized 
to benchmark the performance of the CI against that of other sectors in the economy 
and its counterparts worldwide. Such set of indicators will help comparing the 
performance of the industry regularly, identifying deficiencies in the industry 
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performance, guiding remedial action and indicating areas where action should be taken. 
Developing performance measurement tools should be considered as an integral part of 
the implementation of strategic plans and policies for the development and improvement 
of the industry performance.  
• Indeed, any set of indicators proposed will not be effective and efficient in achieving the 
objectives behinds its establishment unless the availability of relevant, accurate, and up-
to-date data is ascertained. Therefore, all stakeholders should be educated about the 
benefits of regularly revealing information about the performance of their entities. 
Accordingly, the establishment of an industry information pool will facilitate the creation 
of the database required for measuring the performance of the SCI. Official reports and 
statistics should cover the whole spectrum of construction activities including the 
informal sector output. 
• The development of the indigenous BMI should never be, by any means, viewed in 
isolation of the general political and socio-economic environment of the country within 
which the industry performs. Therefore, encouraging local production of BMs should 
start by eliminating negative factors, which count among typical structural features of 
underdevelopment and can be removed only through a very gradual process. 
Establishment of enforcing standardization and specification system for BMs would 
foster the capacity improvement of the industry by considering the quality of products. 
• The development of the SBMI calls for the assessment of the potentials of producing 
LBMs which are economically viable, climatically appropriate and environmentally 
friendly. Therefore, the industry needs to evaluate the distribution, quantities, properties 
and means of economic exploitation of raw materials required for production. There is 
also a need for a comprehensive survey to determine the demand of the SBMI for 
human power. International specialized organizations (i.e., UNIDO and ILO) might be 
approached to carry out surveys in cooperation with Sudanese professionals and staff. 
• The search for appropriate building materials and technologies should consider, beside 
cost, other criteria such as availability, environmental impact, durability, maintenance, 
operation, deconstruction, recycling and reuse of BMs. In other words, the choice of 
technology should consider the entire life cycle of BMs. Therefore, the establishment of 
a simple life cycle assessment tool that matches the level of development of the country 
would be useful in that sense as a possible way of meeting the requirement of 
sustainable construction. 
• Choice of technology should follow pre-specified criteria to help determining the most 
appropriate technologies to transfer, adopt and apply. Such criteria should serve the 
welfare of the majority of population and achieve social sustainability goals. Labor 
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intensive technologies are believed to be appropriate to adopt and apply and will have 
considerable socio-economic impacts.  
• It is important to consider the local context of the country when new technologies or 
materials are introduced for adoption and wide application. Laws and regulations 
introduced from abroad should also be tailed to suit the current conditions of the country. 
Traditional practices in construction are also required to be evaluated and developed 
frequently as appropriateness and sustainability are function of time and space. 
Therefore, transferred technologies should be systematically studied, adapted and 
integrated with the indigenous ones. 
• Introduction and adoption of new materials and technologies should be monitored by a 
central agency acting with all stakeholders for the purpose of screening, testing and 
evaluating those technologies. Such an agency, in tandem with research institutes and 
higher education institutes, will help systematically disseminating knowledge about 
innovative and appropriate technologies. Should high levels of efficiency are targeted, 
governmental authorities and professional bodies as well as the actors in the informal 
sector must be collaboratively involved to facilitate the transference of successful and 
appropriate technologies. 
• Researchers and academics can play a vital role in raising the awareness of the benefits 
of TT as a possible way for adopting appropriate technologies as well as improving the 
status quo of the whole industry. Research centers and higher education institutions 
should join forces to form the nucleus of an efficient and active TT network. 
13.7. Recommendations for Further Research 
Given the limitations of the subject study and the current status of the SCI, many areas of 
relevance to the development of the industry remain virgin for further research and 
investigation. On the top comes the role of the informal sector and its potentials which could be 
exploited to develop the SCI. Research is needed to investigate the role of the informal sector 
and its contribution to the total output of the industry as well as the entire economy. Additionally, 
the role of the informal sector in TT and the adoption of appropriate materials and technologies 
could possibly be explored. The activeness of the SCI is frequently perceived by the 
stakeholders as growing or stagnating without any concrete support or evidence. Considerable 
research is required to establish specific criteria for deriving demand for construction products of 
different types. 
Whilst the research has investigated the relative importance of problems facing the construction 
and building materials industries in the Sudan, the causality relationship between these factors 
remain unresearched and their roots are not clearly determined. The investigation of the 
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performance of the SCI has been conducted on the industry level, hence identifying the 
problems of the industry on project level is also demanding. 
The criteria regarding the choice of technology in the Sudan remain unexplored. Thus, research 
should be oriented towards identifying comprehensive criteria for the selection of materials and 
choice of technologies to comply with sustainable development principles. The application of 
building materials and technologies should be subject to evaluation criteria beyond the criteria 
adopted in this research. Besides, the developed criteria should be specific to the country and 
its context. As long as environmental criteria and indicators for the selection of building 
materials in the Sudan are not specified or defined, therefore it will be valuable to undertake 
researches to assess the environmental impact of BMs during production, transport, use, 
maintenance, demolition and waste treatment in terms of EE and GHGs emissions. Accordingly, 
a step towards developing a life cycle assessment tool will be made. 
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Appendix  1.1: UNCHS indicators for construction industry performance 
UNCHS Indicators (1995) 
Construction cost: cost per square meter of median priced dwelling 
Construction time: average time required to construct median housing 
On-site productivity: man-hours per square meter on a typical median-priced dwelling 
Industry concentration: percentage of new formal sector housing units placed on the market by 
the five largest developers 
Employment: percentage of all employment that is engaged in the construction of dwelling units 
Wage labor: proportion of on-site building employees who are employed as wage labor 
UNCHS Indicators (1981) 
Extent of implementation of construction projects in country’s development plan. 
Degree of local participation in contracting, or development of local construction industry. 
Degree of development of local building materials industries. 
Overall efficiency/productivity of construction sector. 
 
Appendix  1.2: Construction industry development indicators in Singapore 
Construction Industry Development Programme Performance Indicators (Ofori, 2001a) 
Number of workers trained (categorized into trainees on full-time and part-time courses) 
Number of workers skill tested 
Number of workers certified 
Number of supervisors trained 
Average CONQUAS* scores of buildings (points out of 100) 
Registration of contractors (classified into cases processed (number), processing time (days) for 
renewal, and for new and upgrading cases). 
*CONQUAS: The Construction Quality Assessment Scheme 
Construction Industry Development Programme Efficiency Indicators 
Development of the construction industry: Government grant per $ million of construction work 
Registration of contractors: cost of registration per work category registered 
Training of construction workers: 
  1- Cost of training full-time trainees (per trainee week) 
2- Cost of training part-time trainees (per trainee hour) 
3- Cost of trade test 
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2. Appendix Two: Population and Economy Performance of the 
Sudan 
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Appendix  2.1: Total population (thousands) 1950-2050 
 Year 
 Total 
population 
(OOOs) 
 Urban 
population 
(000s) 
 Rural 
Poulation 
(000s) 
 Percentage 
urban (%) 
1950 9,190 627 8,563 6.8
1955 10,215 877 9,338 8.6
1960 11,439 1,229 10,210 10.7
1965 12,829 1,716 11,113 13.4
1970 14,495 2,395 12,100 16.5
1975 16,776 3,178 13,598 18.9
1980 19,641 3,920 15,721 20
1985 23,056 5,157 17,899 22.4
1990 25,933 6,903 19,030 26.6
1995 29,492 9,233 20,259 31.3
2000 33,349 12,034 21,315 36.1
2005 36,900 15,043 21,857 40.8
2010 41,230 18,646 22,584 45.2
2015 45,613 22,513 23,100 49.4
2020 50,027 26,612 23,415 53.2
2025 54,267 30,921 23,346 57
2030 58,446 35,468 22,978 60.7
2035 62,473 40,152 22,321 64.3
2040 66,278 44,872 21,406 67.7
2045 69,809 49,534 20,275 71
2050 73,029 54,046 18,983 74
 
Source: United Nations (2008a; 2008b) 
 
Appendix  2.2: Population distribution by main geographical areas 
 Main Geographical 
Areas  Total 
 Area 
(Million 
km2) 
 % 
 Density 
(Inhab. 
per km2) 
All Sudan 39,154,490       2.5
Northern Sudan 30,894,000       1.78 71.2% 17.4
Southern Sudan 8,260,490         0.72 28.8% 11.5
 
Source:  (Area figures) Salih (2003, p. 437) 
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Appendix  2.3: Population Distribution by Region of Origin (Former 9 Regions) 
 Regions  Total  % 
All Regions 39,154,490   
Northern 3,112,334     7.9%
Eastern 3,999,322     10.2%
Khartoum 1,405,772     3.6%
Central 7,466,567     19.1%
Kordufan 5,686,337     14.5%
Darfur 8,505,564     21.7%
Upper Nile 2,990,840     7.6%
Bahr El Ghazal 2,879,482     7.4%
Equatoria 2,563,779     6.5%
Not Sudan 177,042        0.5%
No Response 4,359            0.0%
Not Reported 363,092        0.9%
 
Source: Adapted from CBS (2008) 
Appendix  2.4: Population distribution by state of enumeration 
 State  Total  %  Area (km2) 
 Density 
(Inhab. 
per km2) 
All States 39,154,490       2,505,813 15.6
Northern 699,065            1.8% 348,765 2.0
River Nile 1,120,441         2.9% 122,123 9.2
Red Sea 1,396,110         3.6% 218,887 6.4
Kassala 1,789,806         4.6% 36,710 48.8
Al-Gadarif 1,348,378         3.4% 75,263 17.9
Khartoum 5,274,321         13.5% 22,122 238.4
Al-Gezira 3,575,280         9.1% 27,549 129.8
White Nile 1,730,588         4.4% 30,411 56.9
Sinnar 1,285,058         3.3% 37,844 34.0
Blue Nile 832,112            2.1% 45,844 18.2
Northern Kordufan 2,920,992         7.5% 185,302 15.8
Southern Kordufan 1,406,404         3.6% 158,355 8.9
Northern Darfur 2,113,626         5.4% 296,420 7.1
Western Darfur 1,308,225         3.3% 79,460 16.5
Southern Darfur 4,093,594         10.5% 127,300 32.2
Upper Nile 964,353            2.5% 77,773 12.4
Jonglei 1,358,602         3.5% 122,479 11.1
Unity 585,801            1.5% 35,956 16.3
Warrap 972,928            2.5% 31,027 31.4
Northern Bahr-El-Ghazal 720,898            1.8% 33,558 21.5
Western Bahr-El-Ghazal 333,431            0.9% 93,900 3.6
Lakes 695,730            1.8% 40,235 17.3
Western Equtoria 619,029            1.6% 79,319 7.8
Central Equatoria 1,103,592         2.8% 22,956 48.1
Eastern Equatoria 906,126            2.3% 82,542 11.0
 
Source: Adapted from CBS (2008) 
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Appendix  2.5: Ranking of states size by population
 State  Total  %  Ranking 
All States 39,154,490   
Khartoum 5,274,321     13.5% 1
Southern Darfur 4,093,594     10.5% 2
Al-Gezira 3,575,280     9.1% 3
Northern Kordufan 2,920,992     7.5% 4
Northern Darfur 2,113,626     5.4% 5
Kassala 1,789,806     4.6% 6
White Nile 1,730,588     4.4% 7
Southern Kordufan 1,406,404     3.6% 8
Red Sea 1,396,110     3.6% 9
Jonglei 1,358,602     3.5% 10
Al-Gadarif 1,348,378     3.4% 11
Western Darfur 1,308,225     3.3% 12
Sinnar 1,285,058     3.3% 13
River Nile 1,120,441     2.9% 14
Central Equatoria 1,103,592     2.8% 15
Warrap 972,928        2.5% 16
Upper Nile 964,353        2.5% 17
Eastern Equatoria 906,126        2.3% 18
Blue Nile 832,112        2.1% 19
Northern Bahr-El-Ghazal 720,898        1.8% 20
Northern 699,065        1.8% 21
Lakes 695,730        1.8% 22
Western Equtoria 619,029        1.6% 23
Unity 585,801        1.5% 24
Western Bahr-El-Ghazal 333,431        0.9% 25
 
Source: Adapted from CBS (2008) 
Appendix  2.6: Population in the Sudan by Type 1956, 1973, 1983 and 1993 
State 1955/56 1973 1983 1993
Total Population 10.3 14.1 20.6 24.9
Urban 9.0 18.5 20.5 25.2
Rural 78.0 70.0 68.5 66.3
Nomads 13.0 11.5 11.0 8.5
 
Source: Elhoweris and Hassan, (2003, p. 103) 
 
Appendix  2.7: Urban population in the Sudan by region 1956, 1973 and 1983 
State 1955/56 % 1973 % 1983 %
Total Urban Population 886,476 2,605,896 4,219,826
Nothern Sudan 829,465 93.6% 2,317,980 89.0% 3,772,174 89.4%
Southern Sudan 56,011 6.3% 287,916 11.0% 447,652 10.6%
Source: Alfadil (2003, p. 467) 
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Appendix  2.8: Size of urban centers in the Sudan for years 1956, 1973, 1983, 1993 and 
2008 
City State 1955/56 1973 1983 1993 2008
Greater Khartoum Khartoum 152.6 808.8 1,343.3 2,919.8 5,274,321
El Managil Algezira NA NA 9.7 64.4 906,216
Nyala Southern Darfur 12.3 62.8 112.0 227.2 629,971
Elfasher Northern Darfur 26.2 54.5 84.3 141.9 504,080
Wad Madni Al-Gezira 47.6 118.0 144.8 211.4 423,863
Kosti White Nile 22.7 60.6 89.6 173.3 404,763
Juba Central Equatoria 10.7 56.7 81.9 125.0 372,413
Elobeid Nothern Kordufan 52.4 92.2 138.0 229.4 340,940
Kassala Kassala 40.6 100.5 140.5 234.6 298,529
Sinnar Sinnar 8.1 32.6 41.6 72.2 296,871
Eldiwiem White Nile 12.3 26.8 34.8 56.5 295,695
Ed Daein Southern Darfur NA NA 31.9 73.3 295,167
 El Damar River Nile 5.4 17.7 26.8 51.0 284,148
Portsudan Red Sea 47.6 153.1 205.0 308.2 283,953
Shendi River Nile 11.0 24.1 34.3 NA 269,446
Al Gedarif Algedarif 17.5 66.2 115.8 191.2 269,395
El Nohood Nothern Kordufan 16.5 27.6 31.1 54.6 256,482
El Geneina Western Darfur 11.8 38.6 55.5 92.8 252,744
Rabak White Nile NA NA 24.6 59.3 239,665
Bor Jongeli NA 16.0 17.6 NA 221,106
 Eldamazin Blue Nile NA 12.2 28.1 71.8 212,712
Halfa Al Gedida Kassala 8.7 24.3 37.6 54.1 211,864
Rumbek Lakes 4.0 17.7 19.7 NA 153,550
Wau Western Bahr El Ghazal 80.0 53.4 91.0 NA 151,320
Dongola Nothern 13.3 5.6 9.3 NA 150,161
Atbara River Nile 36.3 64.3 72.9 87.9 134,586
Malkal Upper Nile 9.7 37.1 31.7 NA 126,483
Kadogli Southern Kordufan 4.7 18.4 34.7 62.1 105,252
Maridi Western Equatoria 1.3 9.6 9.4 NA 82,461
Eljazera Aba White Nile 11.4 22.3 19.8 NA NA
Source: Adam (2003, p. 34) and CBS (2008) 
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Appendix  2.9: Population of the city of Khartoum 1950-2050 
 Year  Population (000s) 
 Percentage 
of the total 
urban 
population 
 Percentage 
of the total 
population 
(%) 
1950 183 29.1 2.0
1955 252 28.7 2.5
1960 347 28.2 3.0
1965 477 27.8 3.7
1970 657 27.5 4.5
1975 886 27.9 5.3
1980 1,164 29.7 5.9
1985 1,611 31.2 7.0
1990 2,360 34.2 9.1
1995 3,242 35.1 11.0
2000 3,949 32.8 11.8
2005 4,518 30.0 12.2
2010 5,185 27.8 12.6
2015 6,077 27.0 13.3
2020 7,017 26.4 14.0
2025 7,937 25.7 14.6
 
Source: United Nations (2008a; 2008b) 
 
Appendix  2.10: Numbers of IDPs received by different states 
 State  Number of IDPs  % 
Khartoum 845,000            26.3%
Nothern States 116,102            3.6%
Eastern States 231,000            7.2%
Central States 631,000            19.6%
Kordofan States 365,000            11.3%
Darfur States 443,058            13.8%
Upper Nile States 336,334            10.5%
Bahr Elgazal States 172,000            5.3%
Equatoria States 78,000              2.4%
Total 3,217,494         100.0%
 
Source: Salih (2003, p. 439) 
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Appendix  2.17: Number of Higher education facilities in different states of the Sudan 
State Public Universities %
Private 
Universities %
Private 
Colleges %
ALL Sudan 33 100% 5 100% 52 100%
Khartoum 11 33.3% 5 100% 42 80.8%
River Nile 2 6.1% - - 1 1.9%
Northern 1 3.0% - - - -
El-Gezira 2 6.1% - - 5 9.6%
Sennar 1 3.0% - - - -
Blue Nile 1 3.0% - - - -
White Nile 2 6.1% - - 1 1.9%
El-Gadarif 1 3.0% - - - -
Kassala 1 3.0% - - - -
Red Sea 1 3.0% - - 3 5.8%
Northern Kordofan 2 6.1% - - 1 1.9%
Southern Kordofan 2 6.1% - - - -
Northern Darfur 1 3.0% - - - -
Southern Darfur 1 3.0% - - - -
Western Darfur 1 3.0% - - - -
Upper Nile* 1 3.0% - - - -
Bahr El-Ghazal** 2 6.1% - - - -
Equtoria*** 1 3.0% - - - -
 
*Source: Adapted from General Administration for Admission and Evaluation & Authentication of Certificates - 
Ministry of Higher Education and Scientific Research (2010) 
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Appendix  2.18: Number and length of paved roads, gravel roads and bridges in different 
states of the Sudan 
No. Length (km) No.
Length 
(km) No.
Lengt
h (km) No.
Lengt
h (km)
Khartoum 3 107 6 863 - - - - 6 5589
River Nile 6 386.5 2 407.8 - - - - 4 1946
Northern 4 871 1 310 - - - - 4 2076
El-Gezira 4 187.5 6 855 - - - - 2 340
Sennar 1 70 2 387 - - - - 1 400
Blue Nile - - 1 167 - - - - - -
White Nile 4 305 2 249 - - - - 2 90
El-Gadarif 1 159.5 3 589 - - - - 1 50
Kassala 2 62 2 571 - - - - - -
Red Sea 5 603 2 629.8 - - - - - -
Northern Kordofan 2 159 2 291 - - 1 161 - -
Southern Kordofan 1 186 1 100 - - 1 161 - -
Northern Darfur - - 1 215 2 328 1 213 - -
Southern Darfur - - 1 215 - - 1 213 - -
Western Darfur - - - - - - - - - -
Upper Nile - - - - 1 150 - - - -
Jonglei - - - - - - 1 200 - -
Unity - - - - - - - - - -
Warrap - - - - - - 1 124 - -
Northern Bahr-El-Ghazal - - - - - - - - - -
Western Bahr-El-Ghazal - - - - - - - - - -
Lakes - - - - - - 2 359 - -
Western Equtoria - - - - - - 2 664 - -
Central Equatoria - - - - 1 219 4 951 - -
Eastern Equatoria - - - - 2 465 2 322 - -
Total (ALL Sudan) 33 3097 16* 2974.8* 6 1162 9* 2009* 20 10491
State
Paved Roads Gravel Roads Bridges
Intra-State Inter-Sate Intra-State Inter-Sate
No. Length (m)
*Source: Adapted from CBS (2009a) & DIU (2009) 
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3. Appendix Three: Correlation between different economic sectors in 
the Sudan 
Appendix  3.1: Correlation between different economic sectors in the Sudan 
  X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
X1 Pearson ρ 1 .928(**) .976(**) .932(**) .618(**) .770(**) .907(**) .977(**) .970(**) - .933(**) .965(**) .475(*) .978(**)
 Sig. (2-tailed) . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X2 Pearson ρ .928(**) 1 .980(**) .900(**) .729(**) .723(**) .930(**) .934(**) .965(**) - .973(**) .958(**) .595(**) .970(**)
 Sig. (2-tailed) 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X3 Pearson ρ .976(**) .980(**) 1 .947(**) .707(**) .789(**) .953(**) .976(**) .990(**) - .976(**) .985(**) .555(**) .996(**)
 Sig. (2-tailed) 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X4 Pearson ρ .932(**) .900(**) .947(**) 1 .759(**) .814(**) .957(**) .957(**) .955(**) - .937(**) .950(**) .505(**) .961(**)
 Sig. (2-tailed) 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X5 Pearson ρ .618(**) .729(**) .707(**) .759(**) 1 .649(**) .802(**) .707(**) .725(**) - .783(**) .722(**) .552(**) .736(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X6 Pearson ρ .770(**) .723(**) .789(**) .814(**) .649(**) 1 .878(**) .817(**) .825(**) - .743(**) .840(**) 0.365 .816(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X7 Pearson ρ .907(**) .930(**) .953(**) .957(**) .802(**) .878(**) 1 .944(**) .968(**) - .951(**) .968(**) .544(**) .966(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X8 Pearson ρ .977(**) .934(**) .976(**) .957(**) .707(**) .817(**) .944(**) 1 .987(**) - .956(**) .984(**) .445(*) .987(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.02 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X9 Pearson ρ .970(**) .965(**) .990(**) .955(**) .725(**) .825(**) .968(**) .987(**) 1 - .976(**) .998(**) .491(**) .995(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.01 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X10 Pearson ρ - - - - - - - - - 1 - - - -
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.01 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X11 Pearson ρ .933(**) .973(**) .976(**) .937(**) .783(**) .743(**) .951(**) .956(**) .976(**) - 1 .971(**) .557(**) .979(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X12 Pearson ρ .965(**) .958(**) .985(**) .950(**) .722(**) .840(**) .968(**) .984(**) .998(**) - .971(**) 1 .493(**) .992(**)
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.01 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X13 Pearson ρ .475(*) .595(**) .555(**) .505(**) .552(**) 0.365 .544(**) .445(*) .491(**) - .557(**) .493(**) 1 .538(**)
 Sig. (2-tailed) 0.01 0.00 0.00 0.01 0.00 0.06 0.00 0.02 0.01 0.01 0.00 0.01 . 0.00
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
X14 Pearson ρ .978(**) .970(**) .996(**) .961(**) .736(**) .816(**) .966(**) .987(**) .995(**) - .979(**) .992(**) .538(**) 1
 Sig. (2-tailed) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .
 N 28 28 28 28 28 28 28 28 28 28 28 28 28 28
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
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4. Appendix Four: Case Studies 
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5. Appendix Five: Ecotect Analysis Parameters and Results 
 
334 The Construction & Building Materials Industries for Sustainable Development in Developing Countries: Appropriate and Innovative Local Building Materials and Technologies for Housing in the Sudan 
 
Appendix  5.1: Walls and roofs layers and specifications for Ecotect Analysis 
Wall 
Type Layer Setion
U-Value 
(W/m2.K)
Solar 
Absorpt-
ion
Thermal 
Decre-
ment
Weight 
(kg/m2)
Cost 
(SDG/m2)
GHG 
Emmiss-
ion (kg)
Initial 
Embodied 
Energy
20 mm Plaster
300 Brick
20 mm Plaster
20 mm Plaster
Cement Blocks 
(400*200*200)
20 mm Plaster
20 mm Plaster
Hollow Red Brick 
block (300*200*200)
Plaster
20 mm Plaster
SSBs
20 mm Plaster
20 mm Plaster
Polystyrene
20 mm Plaster
Cement Mortar
Cellulosic Insulation
Cement Mortar
20 mm Plaster
Mud Brick
20 mm Plaster
8.24
1½
 
R
ed
 
Br
ic
k 
W
al
l
Ce
m
en
t 
Bl
oc
ks
H
ol
lo
w
 
R
ed
 
Br
ic
ks
St
ab
liz
ed
 
So
il 
Bl
oc
ks
3D
 
Pa
n
el
G
ra
de
d 
Sa
nd
 
M
ix
M
ud
 
Br
ic
k
1.53 1 0.21 567 14 1.088
229.94
1240 96.215
0.59 1 0.98 49.15 77.4 19.231
0.7 0.92 96.86 30 13.552
40.2 43.54 455
1.93 1 0.41 334 49.8 34.684 345.92
77.253 795.13
1.17 0.506 0.41 368 37.5 37.362 261.78
49.21480 0.418 0.18 648
1840 0.506 0.58 272
O
U
T
S
ID
E
IN
S
ID
E
O
U
T
S
ID
E
IN
SI
D
E
O
U
T
S
ID
E
IN
S
ID
E
O
U
T
S
ID
E
IN
S
ID
E
O
U
T
S
ID
E
IN
S
ID
E
O
U
T
S
ID
E
IN
SI
D
E
O
U
T
S
ID
E
IN
S
ID
E
Roofs
20 mm Plaster
20 mm Plaster
110 mm Brick
20 mm Plaster
Corrugated iron sheets
500 mm Air gap
3 mm Timber
20 mm Plaster
Expanded metal mesh
20 mm Plaster
Tin
40 mm Polystyrene
Tin
115.2 71.28 691.2
Ja
ck
 
Ar
ch 2.44 1 0.65 268 70.2
R
ei
nf
or
ce
d 
co
n
cr
et
e
2.94 0.9 0.69 357
CI
Ss
 
(w
ith
 
ce
ilin
g)
5.62 1 0.99
- - - -
- -
14 38.5 20.976
CI
Ss
 
(w
ith
ou
t 
ce
ilin
g)
2.64 1 0.07
Fe
rr
o-
ce
m
en
t
2.71 1 0.9
Sa
n
dw
ic
h 
Pa
n
el
0.76 1 0.99
PV
C 5.26 1 0.99 324.24
Corrugated iron 
sheets
3 mm polyvinyl 
chloride sheets
150 mm Reinforced 
Concrete Slab
5.264 271.09
4.2 36 13.02
16.3 24.325 187.5
15.52 84
123
316.79
IN SID E
OU T SID E
IN SID E
OU TSID E
IN SID E
OU T SID E
IN SID E
OU T SID E
IN SID E
OU T SID E
OU T SID E
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Appendix  5.2: Embodied energy and GHGs emissions calculations for selected walling 
and roofing materials 
$$
9;./
$
/#./
$
/#./
2
@'
2


B
'2
0/1
$$
9;./
$
/#./
$
/#./

4'


  Red Bricks Walls 
1Q Brick Wall  5 5" @5   " "5 5"
Mortarr (1:6) 5 5 5   5 5 5" 5
Plaster (2cm thick 2 Sides) 5 5 5    "" 5"" 5

 >A9 >;A> >>A
  Cement Blocks
Cement Blocks 5 5 5 @5   5 5 5
Mortarr (1:6) 5 5 5    5 5 5
Plaster (2cm thick 2 Sides) 5 5 5    "" 5"" 5

 <A>! 9A 9>A9<
9  Hollow Red Blocks
Hollow Red Blocks (30*20*20)  5 5" @5    5 5"
Mortarr (1:6) 5 5 5     5 5
Plaster (2cm thick 2 Sides) 5 5 5    "" 5"" 5

 ; ; ;9A;
;  Stabilized Soil Blocks (Interlocking)
SSBs @5% cemet content 5 5 5 @5   5 5" 5"
Plaster (2cm thick 1 Side) 5 5 5   "  5 5

 99A 9A9< 9A!!;
  3-D Panel
Foam 5 5 5   5 5" 5 5
Steel 5" 5 5    5 5 5
Plaster (2cm thick 2 Sides) 5 5 5    "" 5"" 5

 A; >A!< A9
<  Graded Sand Mix (GSM)
Cement 5 5 5     5 5
Lime 5 5 5   5 5 5 5
Pozzolana 5 5 ,   5 5 5 ,
Fiber 5 5" 5"   5 5 5 5

 <A A;>! 9A
> Mud Brick
Mud Brick , , , @5  , , , ,
Plaster (1:2:9 
Cement:Lime:Sand) 5 5 5 
   5" 5 5

 !A; A< A!!
$-$%8-
''	
	
$%8-
$
:
%'9
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Appendix  5.3: Annual Heating and Cooling Loads 
No. Walls Roofs
Total 
Energy per 
annum
Energy per 
m2 per 
annum
Ranking
1 Red Brick Reinforced Concrete 31,284,574 452,612 15
2 Red Brick Jack Arch 30,100,372 566,649 22
3 Red Brick CISs (without Ceiling) 66,168,708 957,302 33
4 Red Brick CISs (with Ceiling) 15,517,268 224,498 1
5 Red Brick Ferro-Cement 37,454,632 541,878 19
6 Red Brick Sandwich Panel 20,495,420 296,519 7
7 Red Brick PVC 62,869,828 909,575 29
8 Cement Blocks Reinforced Concrete 32,942,272 476,595 16
9 Cement Blocks Jack Arch 31,376,404 590,670 23
10 Cement Blocks CISs (without Ceiling) 67,563,360 977,479 36
11 Cement Blocks CISs (with Ceiling) 16,892,114 244,388 3
12 Cement Blocks Ferro-Cement 39,094,700 565,606 21
13 Cement Blocks Sandwich Panel 21,978,606 317,978 10
14 Cement Blocks PVC 64,258,092 929,660 31
15 Hollow Red Bricks Reinforced Concrete 36,327,412 525,570 18
16 Hollow Red Bricks Jack Arch 34,374,416 647,109 28
17 Hollow Red Bricks CISs (without Ceiling) 70,949,544 1,026,469 41
18 Hollow Red Bricks CISs (with Ceiling) 20,244,192 292,885 6
19 Hollow Red Bricks Ferro-Cement 42,580,872 616,043 25
20 Hollow Red Bricks Sandwich Panel 25,290,618 365,894 13
21 Hollow Red Bricks PVC 67,647,104 978,691 37
22 SSBs Reinforced Concrete 35,803,536 517,991 17
23 SSBs Jack Arch 33,570,584 631,976 26
24 SSBs CISs (without Ceiling) 70,398,416 1,018,496 40
25 SSBs CISs (with Ceiling) 19,682,382 284,757 5
26 SSBs Ferro-Cement 41,998,588 607,618 24
27 SSBs Sandwich Panel 24,746,136 358,017 12
28 SSBs PVC 67,098,656 970,756 35
29 3D Panel CISs (without Ceiling) 69,012,464 998,444 39
30 3D Panel CISs (with Ceiling) 18,434,228 266,699 4
31 3D Panel Sandwich Panel 23,687,146 342,696 11
32 3D Panel PVC 65,717,768 950,778 32
33 Graded Sand Mix CISs (without Ceiling) 71,897,632 1,040,186 42
34 Graded Sand Mix CISs (with Ceiling) 21,246,752 307,389 8
35 Graded Sand Mix Ferro-Cement 43,695,908 632,175 27
36 Graded Sand Mix Sandwich Panel 26,437,014 382,480 14
37 Graded Sand Mix PVC 68,606,152 992,566 38
38 Mud Bricks CISs (without Ceiling) 67,001,736 969,354 34
39 Mud Bricks CISs (with Ceiling) 16,311,429 235,987 2
40 Mud Bricks Ferro-Cement 38,324,536 554,464 20
41 Mud Bricks Sandwich Panel 21,334,080 308,653 9
42 Mud Bricks PVC 63,698,436 921,563 30
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Appendix  5.4: Hourly gains in the hottest Day - 20th May (140) 
No. Walls Roofs HVAC FABRIC SOLAR VENTILA-TION INTERN
INTER-
ZONAL Total Ranking
1 Red Brick Reinforced Concrete 0 94,263 7,572 26,546 8,294 -3,926 132,749 15
2 Red Brick Jack Arch 0 103,738 4,875 24,821 6,374 -2,951 136,857 16
3 Red Brick CISs (without Ceiling) 0 238,322 8,053 26,546 8,294 -5,404 275,811 33
4 Red Brick CISs (with Ceiling) 0 30369 8053 26546 8294 -2,945 70,317 1
5 Red Brick Ferro-Cement 0 118,401 7,572 28,750 8,294 -4,386 158,631 22
6 Red Brick Sandwich Panel 0 52,313 5,914 26,546 8,294 -3,718 89,349 6
7 Red Brick PVC 0 224,544 8,053 26,546 8,294 -5,326 262,111 29
8 Cement Blocks Reinforced Concrete 0 100,683 8,053 26,546 8,294 -4,115 139,461 17
9 Cement Blocks Jack Arch 0 109,650 4,875 24,821 6,374 -3,068 142,652 18
10 Cement Blocks CISs (without Ceiling) 0 244,743 8,053 26,546 8,294 -5,648 281,988 36
11 Cement Blocks CISs (with Ceiling) 0 36,790 8,053 26,546 8,294 -3,070 76,613 3
12 Cement Blocks Ferro-Cement 0 125,116 8,053 28,750 8,294 -4,629 165,584 25
13 Cement Blocks Sandwich Panel 0 58,733 5,914 26,546 8,294 -3,976 95,511 9
14 Cement Blocks PVC 0 230,965 8,053 26,546 8,294 -5,572 268,286 31
15 Hollow Red Bricks Reinforced Concrete 0 118,048 8,053 26,546 8,294 -4,043 156,898 21
16 Hollow Red Bricks Jack Arch 0 125,863 4,875 24,821 6,374 -3,008 158,925 23
17 Hollow Red Bricks CISs (without Ceiling) 0 262,108 8,053 26,546 8,294 -5,495 299,506 41
18 Hollow Red Bricks CISs (with Ceiling) 0 54,155 8,053 26,546 8,294 -3,128 93,920 8
19 Hollow Red Bricks Ferro-Cement 0 143,261 8,053 28,750 8,294 -4,498 183,860 27
20 Hollow Red Bricks Sandwich Panel 0 76,098 5,914 26,546 8,294 -3,870 112,982 13
21 Hollow Red Bricks PVC 0 248,330 8,053 26,546 8,294 -5,418 285,805 38
22 SSBs Reinforced Concrete 0 111,746 8,053 26,546 8,294 -4,030 150,609 19
23 SSBs Jack Arch 0 118,946 4,875 24,821 6,374 -2,986 152,030 20
24 SSBs CISs (without Ceiling) 0 255,806 8,053 26,546 8,294 -5,435 293,264 40
25 SSBs CISs (with Ceiling) 0 47,853 8,053 26,546 8,294 -3,132 87,614 5
26 SSBs Ferro-Cement 0 136,760 8,053 28,750 8,294 -4,472 177,385 26
27 SSBs Sandwich Panel 0 69,797 5,914 26,546 8,294 -3,871 106,680 12
28 SSBs PVC 0 242,028 8,053 26,546 8,294 -5,360 279,561 35
29 3D Panel CISs (without Ceiling) 0 249,008 8,053 26,546 8,294 -6,328 285,573 37
30 3D Panel CISs (with Ceiling) 0 41,055 8,053 26,546 8,294 -3,392 80,556 4
31 3D Panel Sandwich Panel 0 62,999 5,914 26,546 8,294 -4,713 99,040 11
32 3D Panel PVC 0 235,230 8,053 26,546 8,294 -6,255 271,868 32
33 Graded Sand Mix CISs (without Ceiling) 0 264,474 8,053 26,546 8,294 -5,947 301,420 42
34 Graded Sand Mix CISs (with Ceiling) 0 56,521 8,053 26,546 8,294 -3,341 96,073 10
35 Graded Sand Mix Ferro-Cement 0 145,772 8,053 28,750 8,294 -4,935 185,934 28
36 Graded Sand Mix Sandwich Panel 0 78,465 5,914 26,546 8,294 -4,327 114,892 14
37 Graded Sand Mix PVC 0 250,696 8,053 26,546 8,294 -5,871 287,718 39
38 Mud Bricks CISs (without Ceiling) 0 240,814 8,053 26,546 8,294 -5,434 278,273 34
39 Mud Bricks CISs (with Ceiling) 0 32,860 8,053 26,546 8,294 -3,004 72,749 2
40 Mud Bricks Ferro-Cement 0 121,044 7,572 28,750 8,294 -4,435 161,225 24
41 Mud Bricks Sandwich Panel 0 54,804 5,914 26,546 8,294 -3,791 91,767 7
42 Mud Bricks PVC 0 227,035 8,053 26,546 8,294 -5,357 264,571 30
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Appendix  5.5: Heat losses breakdown (from: 1st January to 31st December) 
No. Walls Roofs FABRIC SOL-AIR SOLAR VENTAT-ION
INTERN-
AL
INTER-
ZONAL
1 Red Brick Reinforced Concrete 15.9% - - 8.5% - 75.6%
2 Red Brick Jack Arch 24.0% - - 9.3% - 66.8%
3 Red Brick CISs (without Ceiling) 22.2% - - 4.9% - 72.9%
4 Red Brick CISs (with Ceiling) 11.8% - - 13.3% - 74.9%
5 Red Brick Ferro-Cement 17.1% - - 7.6% - 75.3%
6 Red Brick Sandwich Panel 12.1% - - 9.5% - 78.3%
7 Red Brick PVC 21.6% - - 5.0% - 73.4%
8 Cement Blocks Reinforced Concrete 14.9% - - 7.3% - 77.9%
9 Cement Blocks Jack Arch 21.1% - - 7.8% - 71.1%
10 Cement Blocks CISs (without Ceiling) 17.7% - - 3.8% - 78.4%
11 Cement Blocks CISs (with Ceiling) 12.1% - - 11.9% - 76.0%
12 Cement Blocks Ferro-Cement 14.6% - - 6.2% - 79.2%
13 Cement Blocks Sandwich Panel 11.5% - - 8.2% - 80.3%
14 Cement Blocks PVC 17.4% - - 3.9% - 78.7%
15 Hollow Red BricksReinforced Concrete 14.0% - - 5.5% - 80.5%
16 Hollow Red BricksJack Arch 18.1% - - 5.7% - 76.3%
17 Hollow Red BricksCISs (without Ceiling) 13.6% - - 2.7% - 83.7%
18 Hollow Red BricksCISs (with Ceiling) 13.8% - - 9.2% - 77.0%
19 Hollow Red BricksFerro-Cement 12.6% - - 4.5% - 82.8%
20 Hollow Red BricksSandwich Panel 12.7% - - 6.8% - 80.5%
21 Hollow Red BricksPVC 13.5% - - 2.8% - 83.7%
22 SSBs Reinforced Concrete 12.9% - - 6.1% - 81.0%
23 SSBs Jack Arch 17.1% - - 6.4% - 76.4%
24 SSBs CISs (without Ceiling) 13.0% - - 2.9% - 84.1%
25 SSBs CISs (with Ceiling) 12.2% - - 11.3% - 76.5%
26 SSBs Ferro-Cement 11.9% - - 5.2% - 82.9%
27 SSBs Sandwich Panel 11.4% - - 8.1% - 80.5%
28 SSBs PVC 12.9% - - 3.0% - 84.1%
29 3D Panel CISs (without Ceiling) 11.3% - - 2.5% - 86.1%
30 3D Panel CISs (with Ceiling) 9.4% - - 10.1% - 80.5%
31 3D Panel Sandwich Panel 8.1% - - 6.3% - 85.6%
32 3D Panel PVC 11.1% - - 2.6% - 86.3%
33 Graded Sand Mix CISs (without Ceiling) 9.2% - - 1.9% - 88.9%
34 Graded Sand Mix CISs (with Ceiling) 10.1% - - 7.5% - 82.5%
35 Graded Sand Mix Ferro-Cement 8.5% - - 3.4% - 88.1%
36 Graded Sand Mix Sandwich Panel 9.0% - - 5.4% - 85.6%
37 Graded Sand Mix PVC 9.1% - - 2.0% - 88.9%
38 Mud Bricks CISs (without Ceiling) 18.2% - - 4.2% - 77.6%
39 Mud Bricks CISs (with Ceiling) 10.0% - - 12.9% - 77.1%
40 Mud Bricks Ferro-Cement 14.5% - - 6.8% - 78.6%
41 Mud Bricks Sandwich Panel 10.5% - - 9.1% - 80.4%
42 Mud Bricks PVC 17.8% - - 4.3% - 77.9%
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Appendix  5.6: Heat gains breakdown (from: 1st January to 31st December) 
No. Walls Roofs FABRIC SOL-AIR SOLAR VENTAT-ION
INTERN-
AL
INTER-
ZONAL
1 Red Brick Reinforced Concrete 29.2% 38.0% 8.5% 14.4% 9.5% 0.4%
2 Red Brick Jack Arch 34.5% 37.1% 6.4% 14.1% 7.6% 0.4%
3 Red Brick CISs (without Ceiling) 30.0% 53.9% 4.3% 7.0% 4.6% 0.2%
4 Red Brick CISs (with Ceiling) 23.6% 11.1% 17.3% 28.2% 18.5% 1.3%
5 Red Brick Ferro-Cement 28.4% 42.7% 7.2% 13.3% 8.1% 0.4%
6 Red Brick Sandwich Panel 26.7% 25.9% 10.0% 22.2% 14.6% 0.7%
7 Red Brick PVC 29.9% 53.2% 4.5% 7.3% 4.8% 0.2%
8 Cement Blocks Reinforced Concrete 30.2% 37.9% 8.5% 13.8% 9.0% 0.6%
9 Cement Blocks Jack Arch 35.6% 36.9% 6.1% 13.5% 7.3% 0.7%
10 Cement Blocks CISs (without Ceiling) 30.4% 53.4% 4.2% 6.8% 4.5% 0.7%
11 Cement Blocks CISs (with Ceiling) 26.2% 13.4% 16.0% 26.0% 17.1% 1.3%
12 Cement Blocks Ferro-Cement 29.3% 42.4% 7.2% 12.7% 7.7% 0.7%
13 Cement Blocks Sandwich Panel 28.6% 26.8% 9.4% 20.8% 13.6% 0.8%
14 Cement Blocks PVC 30.4% 52.7% 4.4% 7.2% 4.7% 0.7%
15 Hollow Red BricksReinforced Concrete 33.1% 37.4% 7.6% 12.4% 8.1% 1.4%
16 Hollow Red BricksJack Arch 38.3% 36.0% 5.5% 12.1% 6.5% 1.5%
17 Hollow Red BricksCISs (without Ceiling) 31.7% 52.0% 3.9% 6.4% 4.2% 1.8%
18 Hollow Red BricksCISs (with Ceiling) 32.2% 17.1% 13.3% 21.6% 14.2% 1.7%
19 Hollow Red BricksFerro-Cement 31.8% 41.4% 6.5% 11.5% 7.0% 1.8%
20 Hollow Red BricksSandwich Panel 33.1% 27.9% 8.0% 17.8% 11.7% 1.4%
21 Hollow Red BricksPVC 31.7% 51.3% 4.1% 6.7% 4.4% 1.8%
22 SSBs Reinforced Concrete 30.1% 40.2% 7.7% 12.6% 8.2% 1.1%
23 SSBs Jack Arch 35.5% 38.6% 5.6% 12.4% 6.7% 1.2%
24 SSBs CISs (without Ceiling) 30.2% 53.5% 4.0% 6.4% 4.2% 1.7%
25 SSBs CISs (with Ceiling) 27.0% 21.5% 13.6% 22.2% 14.6% 1.1%
26 SSBs Ferro-Cement 29.2% 44.1% 6.6% 11.7% 7.1% 1.4%
27 SSBs Sandwich Panel 28.9% 31.8% 8.2% 18.2% 12.0% 0.9%
28 SSBs PVC 30.1% 52.9% 4.2% 6.8% 4.4% 1.6%
29 3D Panel CISs (without Ceiling) 29.7% 53.5% 4.1% 6.6% 4.3% 1.8%
30 3D Panel CISs (with Ceiling) 25.3% 18.9% 14.8% 24.0% 15.7% 1.3%
31 3D Panel Sandwich Panel 27.7% 30.4% 8.8% 19.5% 12.8% 0.9%
32 3D Panel PVC 29.7% 52.8% 4.3% 6.9% 4.5% 1.8%
33 Graded Sand Mix CISs (without Ceiling) 30.9% 51.9% 3.8% 6.2% 4.1% 3.1%
34 Graded Sand Mix CISs (with Ceiling) 30.8% 20.2% 12.7% 20.6% 13.5% 2.2%
35 Graded Sand Mix Ferro-Cement 30.8% 42.2% 6.3% 11.1% 6.7% 2.8%
36 Graded Sand Mix Sandwich Panel 31.9% 30.1% 7.7% 17.1% 11.2% 1.9%
37 Graded Sand Mix PVC 30.9% 51.2% 4.0% 6.5% 4.3% 3.1%
38 Mud Bricks CISs (without Ceiling) 29.6% 54.2% 4.2% 6.9% 4.5% 0.6%
39 Mud Bricks CISs (with Ceiling) 23.0% 15.1% 16.4% 26.7% 17.5% 1.2%
40 Mud Bricks Ferro-Cement 27.9% 43.7% 7.0% 12.9% 7.8% 0.6%
41 Mud Bricks Sandwich Panel 26.0% 28.4% 9.6% 21.2% 13.9% 0.7%
42 Mud Bricks PVC 29.5% 53.5% 4.4% 7.2% 4.7% 0.6%
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Appendix  5.7: Annual temperature distribution (comfort band: 18 - 26° C) 
No. Walls Roofs
Total No. 
of Hrs in 
Comfort
% Ranking
1 Red Brick Reinforced Concrete 1,408.3 16.1% 14
2 Red Brick Jack Arch 1,771.7 20.2% 8
3 Red Brick CISs (without Ceiling) 863.3 9.9% 28
4 Red Brick CISs (with Ceiling) 2,398.3 27.4% 1
5 Red Brick Ferro-Cement 1,171.0 13.4% 21
6 Red Brick Sandwich Panel 1,539.7 17.6% 11
7 Red Brick PVC 873.7 10.0% 27
8 Cement Blocks Reinforced Concrete 1,264.3 14.4% 20
9 Cement Blocks Jack Arch 1,541.0 17.6% 10
10 Cement Blocks CISs (without Ceiling) 768.3 8.8% 37
11 Cement Blocks CISs (with Ceiling) 2,116.0 24.2% 3
12 Cement Blocks Ferro-Cement 1,027.3 11.7% 25
13 Cement Blocks Sandwich Panel 1,331.7 15.2% 16
14 Cement Blocks PVC 784.3 9.0% 34
15 Hollow Red Bricks Reinforced Concrete 1,328.7 15.2% 17
16 Hollow Red Bricks Jack Arch 1,558.3 17.8% 9
17 Hollow Red Bricks CISs (without Ceiling) 812.7 9.3% 33
18 Hollow Red Bricks CISs (with Ceiling) 2,051.3 23.4% 4
19 Hollow Red Bricks Ferro-Cement 1,111.3 12.7% 22
20 Hollow Red Bricks Sandwich Panel 1,406.7 16.1% 15
21 Hollow Red Bricks PVC 823.3 9.4% 30
22 SSBs Reinforced Concrete 1,266.3 14.5% 19
23 SSBs Jack Arch 1,532.3 17.5% 12
24 SSBs CISs (without Ceiling) 768.7 8.8% 36
25 SSBs CISs (with Ceiling) 1,975.3 22.5% 5
26 SSBs Ferro-Cement 1,028.7 11.7% 24
27 SSBs Sandwich Panel 1,324.0 15.1% 18
28 SSBs PVC 782.3 8.9% 35
29 3D Panel CISs (without Ceiling) 610.0 7.0% 41
30 3D Panel CISs (with Ceiling) 1,774.7 20.3% 7
31 3D Panel Sandwich Panel 717.3 8.2% 38
32 3D Panel PVC 606.3 6.9% 42
33 Graded Sand Mix CISs (without Ceiling) 642.0 7.3% 40
34 Graded Sand Mix CISs (with Ceiling) 1,819.7 20.8% 6
35 Graded Sand Mix Ferro-Cement 824.3 9.4% 29
36 Graded Sand Mix Sandwich Panel 1,025.3 11.7% 26
37 Graded Sand Mix PVC 645.0 7.4% 39
38 Mud Bricks CISs (without Ceiling) 814.0 9.3% 32
39 Mud Bricks CISs (with Ceiling) 2,116.3 24.2% 2
40 Mud Bricks Ferro-Cement 1,091.3 12.5% 23
41 Mud Bricks Sandwich Panel 1,439.0 16.4% 13
42 Mud Bricks PVC 818.0 9.3% 31
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Appendix  5.8: Embodied energy and greenhouse gases emissions 
No. Walls Roofs GHGs (kg)
Rank-
ing
Embodied 
Energy (wh)
Rank-
ing
1 Red Brick Reinforced Concrete 15,309.3 42 154,637 42
2 Red Brick Jack Arch 10,232.3 35 105,317 35
3 Red Brick CISs (without Ceiling) 11,832.3 40 128,758 40
4 Red Brick CISs (with Ceiling) 10,382.4 36 106,861 36
5 Red Brick Ferro-Cement 12,803.7 41 127,396 39
6 Red Brick Sandwich Panel 10,746.2 37 125,599 38
7 Red Brick PVC 11,282.3 39 129,273 41
8 Cement Blocks Reinforced Concrete 9,948.1 34 82,958 31
9 Cement Blocks Jack Arch 4,948.7 17 34,673 10
10 Cement Blocks CISs (without Ceiling) 6,471.1 27 57,078 21
11 Cement Blocks CISs (with Ceiling) 5,021.3 18 35,182 12
12 Cement Blocks Ferro-Cement 7,068.9 30 50,720 17
13 Cement Blocks Sandwich Panel 5,385.1 20 53,920 20
14 Cement Blocks PVC 5,921.2 24 57,593 22
15 Hollow Red Bricks Reinforced Concrete 10,772.9 38 108,925 37
16 Hollow Red Bricks Jack Arch 5,767.0 22 60,266 23
17 Hollow Red Bricks CISs (without Ceiling) 7,301.4 31 83,046 32
18 Hollow Red Bricks CISs (with Ceiling) 5,851.5 23 61,150 24
19 Hollow Red Bricks Ferro-Cement 7,957.1 32 78,498 29
20 Hollow Red Bricks Sandwich Panel 6,215.4 26 79,887 30
21 Hollow Red Bricks PVC 6,751.5 29 83,561 33
22 SSBs Reinforced Concrete 9,582.7 33 94,266 34
23 SSBs Jack Arch 4,594.0 15 45,818 14
24 SSBs CISs (without Ceiling) 6,111.2 25 68,386 27
25 SSBs CISs (with Ceiling) 4,661.3 16 46,490 15
26 SSBs Ferro-Cement 6,683.9 28 62,816 25
27 SSBs Sandwich Panel 5,025.2 19 65,228 26
28 SSBs PVC 5,561.3 21 68,901 28
29 3D Panel CISs (without Ceiling) 4,034.4 14 52,799 18
30 3D Panel CISs (with Ceiling) 2,584.5 8 30,903 8
31 3D Panel Sandwich Panel 2,948.4 10 49,640 16
32 3D Panel PVC 3,484.5 12 53,314 19
33 Graded Sand Mix CISs (without Ceiling) 3,271.2 11 34,827 11
34 Graded Sand Mix CISs (with Ceiling) 1,821.3 5 12,931 2
35 Graded Sand Mix Ferro-Cement 3,645.9 13 26,918 7
36 Graded Sand Mix Sandwich Panel 2,185.2 7 31,669 9
37 Graded Sand Mix PVC 2,721.3 9 35,342 13
38 Mud Bricks CISs (without Ceiling) 1,596.1 4 23,004 5
39 Mud Bricks CISs (with Ceiling) 146.2 1 1,107 1
40 Mud Bricks Ferro-Cement 1,854.1 6 14,271 3
41 Mud Bricks Sandwich Panel 510.1 2 19,845 4
42 Mud Bricks PVC 1,046.2 3 23,519 6
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Appendix  5.9: Cost of different walls and roofs combinations 
No. Walls Roofs
Cost of 
Walls 
(SDG)
Cost of 
Roofs 
(SDG)
Total 
Cost
Rank-
ing
1 Red Brick Reinforced Concrete 6,612.2 7,962.6 14,575 33
2 Red Brick Jack Arch 6,516.7 7,499.3 14,016 31
3 Red Brick CISs (without Ceiling) 6,612.2 2,661.1 9,273 17
4 Red Brick CISs (with Ceiling) - - - -
5 Red Brick Ferro-Cement 7,073.1 2,142.6 9,216 16
6 Red Brick Sandwich Panel 6,612.2 5,806.1 12,418 23
7 Red Brick PVC 6,612.2 2,488.3 9,101 14
8 Cement Blocks Reinforced Concrete 5,039.8 7,962.6 13,002 28
9 Cement Blocks Jack Arch 4,967.0 7,499.3 12,466 24
10 Cement Blocks CISs (without Ceiling) 5,039.8 2,661.1 7,701 10
11 Cement Blocks CISs (with Ceiling) - - - -
12 Cement Blocks Ferro-Cement 5,391.1 2,142.6 7,534 8
13 Cement Blocks Sandwich Panel 5,039.8 5,806.1 10,846 21
14 Cement Blocks PVC 5,039.8 2,488.3 7,528 7
15 Hollow Red BricksReinforced Concrete 5,402.7 7,962.6 13,365 30
16 Hollow Red BricksJack Arch 5,324.6 7,499.3 12,824 26
17 Hollow Red BricksCISs (without Ceiling) 5,402.7 2,661.1 8,064 13
18 Hollow Red BricksCISs (with Ceiling) - - - -
19 Hollow Red BricksFerro-Cement 5,779.2 2,142.6 7,922 12
20 Hollow Red BricksSandwich Panel 5,402.7 5,806.1 11,209 22
21 Hollow Red BricksPVC 5,402.7 2,488.3 7,891 11
22 SSBs Reinforced Concrete 6,692.9 7,962.6 14,655 34
23 SSBs Jack Arch 6,596.1 7,499.3 14,095 32
24 SSBs CISs (without Ceiling) 6,692.9 2,661.1 9,354 19
25 SSBs CISs (with Ceiling) - - - -
26 SSBs Ferro-Cement 7,159.4 2,142.6 9,302 18
27 SSBs Sandwich Panel 6,692.9 5,806.1 12,499 25
28 SSBs PVC 6,692.9 2,488.3 9,181 15
29 3D Panel CISs (without Ceiling) 10,402.2 2,661.1 13,063 29
30 3D Panel CISs (with Ceiling) - - - -
31 3D Panel Sandwich Panel 10,402.2 5,806.1 16,208 35
32 3D Panel PVC 10,402.2 2,488.3 12,890 27
33 Graded Sand Mix CISs (without Ceiling) 4,031.8 2,661.1 6,693 6
34 Graded Sand Mix CISs (with Ceiling) - - - -
35 Graded Sand Mix Ferro-Cement 4,312.9 2,142.6 6,455 4
36 Graded Sand Mix Sandwich Panel 4,031.8 5,806.1 9,838 20
37 Graded Sand Mix PVC 4,031.8 2,488.3 6,520 5
38 Mud Bricks CISs (without Ceiling) 1,881.5 2,661.1 4,543 3
39 Mud Bricks CISs (with Ceiling) - - - -
40 Mud Bricks Ferro-Cement 2,012.7 2,142.6 4,155 1
41 Mud Bricks Sandwich Panel 1,881.5 5,806.1 7,688 9
42 Mud Bricks PVC 1,881.5 2,488.3 4,370 2
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6. Appendix Six: The Questionnaire 
 
 LETTER TO STAKEHOLDERS FOR THE SURVEY ON THE LOCAL 
CONSTRUCTION AND BUILDING MATERIALS INDUSTRIES OF S
15th March 2011 
Dear Participants, 
The construction industry has been identified as on
possible vanguard in the development of any nation.
human resources. The construction
characterized by severe problems. The availability,
are among the most serious problems facing the cons
investigation of problems facing the Sudanese Const
Building Materials Industry (SBMI)
The survey's main question is: 
  
What are the real constraints in the development of the local con
the building materials industry, in particular, in 
  
As a key stakeholder, you are invited to participat
Construction and Building Materials Industries. Your participation is impo
of the performance of both industries and their dev
This survey is conducted for a PhD research at the 
is financed by the UK Government's Department for Internatio
the British Council (BC) as part of the joint DelPH
University of Khartoum and the School of constructi
Reading, UK. 
I highly appreciate your participation and thank yo
Should you have any questions, please do not hesita
Sincerely, 
Akram Ahmed Elkhalifa
PhD candidate 
Faculty of Architecture  
University of Camerino, Italy 
  
Lecturer, DelPHE Project Co-coordinator
Department of Construction Management and Economics
Faculty of Architecture 
University of Khartoum 
 E-mail: akram.elkhalifa@unicam.it
akrelk@uofk.edu
Tel: +249 9 123 60 823 
 
e of the main engines of growth in any economy and 
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Section A:
• Please select appropriate answers by checking inside the corresponding circles, or by writing inside boxes
2- Name of company/organization:
Survey on the Performance of the Construction and
Building Materials Industries in the Sudan
4- Which sector do you represent?
Other (Please Specify)
 Public-Private
Private Sector Public
 NGOs
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7- Years of Experience: 16-20 11-156-10 0-5 20 +
5- Scope of Work: (more than one option could be selected)
Academic/ ResearchClient
PhD M.Sc/Higher Diploma
Other (Please Specify)
Diploma/technicalB.Sc.
 Consultant
Materials Manufacturer/Supplier
Contractor
Other (Please Specify)
6- Academic Qualifications
1- Name:
3- Occupation / Job title:
ABBREVIATIONS
SCI: Sudanese Construction Industry BMI: Building Materials Industry
BMs: Building Materials TT: Technology Transfer
No respondent's data will be recognizable in the published work•
Please turn the page
PARTICIPANT'S DETAILS
8- Gender:
Not Sudanese (Please Specify)Sudanese
FemaleMale
9- Nationality:
Date of Distribution: Date of Return:
Section B: Following are some of the possible factors that negatively affect the Sudanese Construction Industry (SCI) and the
Building Materials Industry (BMI)  in the Sudan.
Please indicate the level of the NEGATIVE influence of each factor.
1- Socio-economic stress and weak economic status
Medium
Influence
0.0
Low
Influence
-1
Very Low
Influence
-2
High
Influence
+1
Very High
Influence
+2
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2- Economic and political instability
5- Inadequacy of political and macro-economic policies
4- Information scarcity and lack of adequate and accurate data
8- Lack of government  recognition of the importance of the construction industry
3- Population growth and rapid urbanization
6- Vast regional inequalities
6- Inappropriateness and incapability of the procurement and delivery system
4-  Inadequate, incomplete design, tender, and contractual documents
5- Poor contractors' capabilities
3- Lack of adequate company/project/site management, supervision, and follow-up
2-  High rates and complex nature of risks and uncertainties
1- Fragility, weakness, underdevelopment, and inadequate capacity of
indigenous construction industry
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8- Domination of the CI by foreign and multinational firms
13- Poor utilization of local building materials and technologies
10- Domination of the industry by the informal sector
11- Lack of planning at all levels of construction process
14- Inadequate capacity and inefficiency in the BMI
17- Lack of performance measures and development indicators of the industry
16- Low level of technological development and capacity to innovate
12- Low and fluctuating overall levels of construction activities and public fund
7- Wars and conflicts
7- Fragmentation and poor organization of the CI
Please indicate your response on a five-points scale ranging from +2 to -2 by checking inside the corresponding circles
Sample of response Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
Very High
Influence
+2
Strongly
Disagree
-2
.
Disagree
-1
.
Uncertain
0.0
Strongly
Agree
+2
High
Influence
+1
.
 Agree
+1
9- Lack of strategic planning and long-term vision for the CI
9- Domination of the CI by public and security companies
15- Lack of specialization and efficient subcontracting system in the supply of BMs
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
cont. Section B
Please indicate the level of the NEGATIVE influence of each of the following factors on the (SCI) and (BMI)  in the Sudan
1- Poor level of professionalism and entrepreneurship
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4- Delays in interim and final payments
3- Bureaucracy and administrative red tape
5- Corruption
2- Disregard of professional ethics and lack of commitment to duty
4- Scarcity and shortage  in the supply of BMs
7- Shortage of plants, machinery, equipment, and spares
7- Lack of sufficient and effective coordination
3- Poor local conditions and lack of adequate sustainable infrastructure
8- Lack of motivation
1- High investment costs of production of key BMs (i.e cement)
6- Rigid adherence to inappropriate management techniques and practices
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16- Low wage and salaries, poor remuneration, and failure to provide
adequate reward
8- Limited availability and low quality of locally produced materials
17- Self employment, adoption of casual employment practices, and high
mobility of workers
11- Shortage of effective managerial and technical knowledge, skills,
experience, and qualification
10- Heavy and unhealthy reliance on imports (materials, machinery, etc )
13- Inadequate educational and training programs and facilities
12- Shortage of skilled labour
14- Construction enterprises lack interest in human resources development
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
Please turn the page
5- High and unstable prices of BMs and production inputs
6- High costs of delivery (including fees and taxes) and transportation of BMs
9- Poor locations and/or centralization of production facilities of BMs (i.e.,
Cement, Bricks, Steel,..etc)
15- Lack of centeral body responsible for training of the CI personnel
2- Lack of investment and limited access to financial capital
18- Poor working conditions and lack of health and safety concerns
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cont. Section B
Please indicate the level of the NEGATIVE influence of each of the following factors on the (SCI) and (BMI)  in the Sudan
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9- Poor linkage between research and practice
8- Lack of research and development (R&D) facilities and programs
4-Absence, underdevelopment, and weakness of  institutions (legal,
administrative, planning, financial, and professional institutions)
6- Fragmentation and lack of coordination between different associations
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
1- Inappropriate and obsolete construction practice codes and procedures
2- Absence or inefficiency of industry-wide quality assurance system and
national standards
3- Inappropriateness, inefficiency, and/or absence of laws, legislations and
regulatory instruments
7-  Lack of research, studies, information, and exchange
5- Lack of a professional body responsible for the development of the SCI
VI Please indicate how strongly you agree or disagree with the following statements regarding the performance of the
Building Materials Industry in the Sudan
1- The industry is NOT performing efficiently
4- The industry has the potential to improve
5- The industry needs long time to improve
6- The industry is growing
3- The industry requires drastical change
Strongly
Disagree
-2
Disagree
-1
Uncertain
0.0
Agree
+1
Strongly
Agree
+2
2- The industry does NOT  satisfy the level of demand for BMs
VII. Please give a ranking of (1-5) for the MAIN FACTORS affecting the performance of the Sudanese Construction Industry.
The most important factor should be ranked (1).
Please make sure not to give the same ranking for two different factors.
1- Socio-Economic and Political Factors
4-Resources (Financial, Physical, and Human)
5- Factors relate to supporting systems
3- Working Environment and Behavioral Factors
2- Construction Industry Structure and Capacity
7- Professional institutions and trade unions do NOT have significant
influence on the development of the industry
Page 5 of 7
Section C:
I.
2- Lack of development  and poor quality of  most local materials (i.e., bricks)
5- Lack of standardization and specifications of local BMs (i.e., bricks)
6- Lack of plants and machineries
7- Social perception and preference of clients and users
8- Designers oreintation towards conventional (imported) materials and
ignorance of local BMs
10- Limited variety and applications of local BMs
9- Non-durability of local materials
13- Lack of  research on local BMs and technologies
14- Poor linkage between research and practice
Following are some of the possible factors contributing to the under-utilization of LOCAL building materials in
the Sudan.
Please indicate the level of influence of each factor.
Very Low
-2
Low
-1
Medium
0.0
High
+1
Very High
+2
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
12-Strict, inappropriate, and elite regulations, codes, and standards NOT
supporting the usage of appropriate materials and technologies
11- Application of inappropriate materials and technologies
1- Lack of government strategy and vision for the manufacturing and managemet of BMs
3- Lack of education and training in the manufacturing, supply, and managment of BMs
1- The attribution of BMI inefficiency to projects' delays and costs over-run
3- Degree of participation of local firms in manufacturing of BMs
6- Degree of protection of local industry
5- Degree of development of local BMs
7- Overall efficiency and productivity
4- Percentage of imports (materials, machinary, skilled personnel,..etc)
4- Weak role of financial institutions in the development of local BMs
From your own experience, how do you evalute the following aspects of the BMI and the
utilization of BMs in the Sudan?
II.
8- The level of waste of materials in construction in Sudan?
9- The effect of BMs on the quality of construction in Sudan?
10- The suitability of the Just-in-Time supply concept of BMs to Sudan
2- The contribution of errors in ordering, specification, and timing to  projects' delays
11- The effect of the quality of workmanship on waste of materials
12- The effect of supervision of workmanship on waste of materials
13- The effect of financial bidding (lowest bid) on the selection and quality of materials
Please turn the page
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Section D:
Given the lack of research on local BMs and technologies, please indicate the level of influence of the following
factors on the (LOCAL and INTERNATIONAL) diffusion and transfer of technology (TT) regarding the application of
appropriate building materials and technologies in the Sudan.
1- Lack of awareness of the benefits of technology transfer and knowledge sharing
3- Weak role of public projects in adopting new materials and technologies
2- Lack of government’s fund and policies to support TT initiatives
8- The weakness of linkages between the enterprises in construction industry and
various agents
7- Local firms lack capability to innovate and benefit from TT
4- Lack of scientific and technological infrastructure
6- Lack of and/or ineffectiveness of technology diffusion networks (professional
institutions, professional journal, lectures, conferences,  etc)
15- Concentration on minimizing the cost of new materials and technologies before
successful absorption.
10- Poor linkage between research and application
9- Low investment in training, education, and R&D
14- Developers, owners and users are reluctant to expose themselves to the risk of
applying new materials and technologies
13- Local materials are associated with poverty and low Socio-cultural status
11- Concentration on new research rather than documentation and dissemination of
results
12- Lack of information on new materials and successful technologies
Very Low
Influence
-2
Low
Influence
-1
Medium
Influence
0.0
High
Influence
+1
Very High
Influence
+2
5- Lack of professional bodies responsible for the screeninng and adoption of
successful and appropriate technologies
Very Low
-2
Low
-1
Medium
0.0
High
+1
Very High
+2
How do you eveluate the role (influence) ofeach of the following stakeholders on the selection of building
materials (in Sudan)?
III.
1- Designers
Very Low
-2
Low
-1
Medium
0.0
High
+1
Very High
+2
9- Local Authorities2- Contractors
10- Research Institutes3- Sub-Contrators
11- Finance institutes4- Suppliers
12-Insurance Companies5- Clients
13-Media & Advertisement6- Unions
7- Employees
8- Workers
How do you evaluate the  significance of each of the following criteria in the selection of building materials?
Very Low
-2
Low
-1
Medium
0.0
High
+1
Very High
+2
1- Specifcations
Very Low
-2
Low
-1
Medium
0.0
High
+1
Very High
+2
4- Client  satisfaction
2- Price
6- Contractor  satisfaction3- Appearence
5- Consultant satisfaction
IV.
cont. Section C
Section E, is designed to obtain some specific data and particulars on the existing local
construction sector and the application of innovative technologies for housing.
1. Which methods do you USUALLY use in construction
for HOUSING?
a- Labour intensive
b- machine/capital
2. What is your distribution (breakdown) of
construction cost for HOUSING?
a- Materials
b- Labour
c- Plant
d- Overhead
%
3. On which sector do you depend mostly in construction
projects for HOUSING?
a- Formal Sector
b- Informal Sector
Section F :
Please add any comments and suggestions in regard to the SCI?& BMI ? (this section is optional)
Thank you
7. Did you ever invent a LOCAL building technology for HOUSING?
Yes
No
8. Did you ever adopt, sponsored, or diffused an application of new
LOCAL building materials or technologies for HOUSING?
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%
%
%
Yes
No
c- Mix of (a) & (b)
4. How do you evaluate the role of Technology Transfer in the application of appropriate building
materials and technologies for HOUSING in the Sudan?
 Highly Effective  Do not know  Highly ineffective Ineffective Effective
5. Designers DO NOT TEND to incorporate NEW building materials in their designs for HOUSING in the Sudan?
 I strongly agree  I do not know  I strongly disagree I disagree I agree
6. Designers DO NOT TEND to incorporate LOCAL building materials in their designs for HOUSING in the Sudan?
 I strongly agree  I do not know  I strongly disagree I disagree I agree
Section E:
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7. Appendix Seven: List of Respondents  
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Appendix  7.1: List of entities targeted by the questionnaire 
CS Consultancy Services Companies 
CC Contracting Companies 
REC Real Estate Investment Companies 
C Clients 
U&RI Universities and Research Institutes 
BMM&S Building Materials Manufacturers and Suppliers 
GA Governmental Authorities 
PI Professional Institutes, Unions and Associations 
FI Financial Institutes 
 
No. Entity Category
1 Abboud Engineering Consultants CS 
2 Abubakr Engineering Consultants CS 
3 ACE Architects & Consultants Engineers CS 
4 Al Barkal Engineering CS 
5 Al Forum Company CS 
6 Ali Elkheir & Sirag CS 
7 Al-Rowad for Real Estate CS 
8 Alshibly Consultancy CS 
9 Al-Sunut Project CS 
10 Amar Consult CS 
11 Amasaeb & Hasaboo CS 
12 Ashraf & Salah Consulting Engineers CS 
13 Badia Consultancy CS 
14 Bannage Consult CS 
15 Center of Engineering and Technical Studies CS 
16 Conquers Computer and Engineering Company CS 
17 Dams Implementation Unit CS 
18 Dar Consult for Architecture and Planning CS 
19 Design 2000 CS 
20 Elgedar Engineering and Consultancy CS 
21 Elgool Construction Co. CS 
22 Elnileen Centre for Consultancy and Real Estate CS 
23 Emad Eldin Mohamed Engineering Consultants CS 
24 Engineering Administration, Sudan University of Science and Technology  CS 
25 Estate Investment and Development Company (EDCO) CS 
26 Gamer Hassan Architects & Consultants CS 
27 Halim Architecture & Town Planning Consult CS 
28 Hamdi Consulting Group CS 
29 Hayder Ahmed Ali Architects & Building Consultants CS 
30 Hutcom Consult CS 
31 Karplen Consultants CS 
32 Khartoum Center for Technical Consultation CS 
33 Khartoum International Airport CS 
34 M. R. Berair & Consulting Engineers CS 
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No. Entity Category
35 Masakin Engineering Consultant CS- 
36 Mefit Ltd. CS 
37 MERIT Group CS 
38 Mondial Consultancy CS 
39 Murtada Maaz Consultancy CS 
40 Nasifah for Engineering Consultants CS 
41 New Lines Consultants CS 
42 Newtech Consulting Group CS 
43 Power Consult CS 
44 Priavte Consultant CS 
45 Private Consultant CS 
46 Private Consultant CS 
47 Private Consultant CS 
48 Private Consultant CS 
49 Promang Consultants CS 
50 Rami & Mohamed A. Hameed Architects and Consultants CS 
51 Reetaj Consultancy CS 
52 Sibdo Engineering Consultancy CS 
53 Sudanese Consultant Engineers Group-Sudan CS 
54 Tadamon Real Estate Co. CS 
55 Technocon Engineering Group CS 
56 Tekno Consultancy Co. LTD CS 
57 The Colleague Advisory Co. CS 
58 The Sudanese House of Architecture CS 
59 Turb Eamar Consultant & Engineering Studies CS 
60 University of Khartoum Consultancy Corporation CS 
61 Urban Studies CS 
62 X-Design for Architectural Design and Consults CS 
63 Yahia Abdel Hai Consultancy CS 
64 Yam for Consultancy and Development Ltd. CS 
65 A Y for Trading and Contracting CC 
66 Abu Olwan Engineering Co. Ltd. CC 
67 Adil Eltayib Co. CC 
68 Aina International Co. CC 
69 Al Barkalawy for Trading and Contracting CC 
70 Al Joody for Trade and Construction CC 
71 Al Naawa for Services and Investment CC 
72 Alankabout for Engineering & Trading Co. Ltd. CC 
73 Albarajoob Engineering Co. Ltd. CC 
74 Alshahbaa Engineering Co. CC 
75 Amal Engineering for Modern Contracts CC 
76 Amin Engineering CC 
77 Armina Trading Co. CC 
78 Aspalta Group Co. LTD. CC 
79 Aspaltra Engineering CC 
80 Awtar Construction Co. CC 
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No. Entity Category
81 Bee Development and Housing Co. CC 
82 Bssar Engineering Co. LTD CC 
83 Business International Resources and Development Co. CC 
84 Concrete Engineering Company CC 
85 Contaleese Engineering Company CC 
86 Dal Design & Construction CC 
87 Danfodio for Contracting, Roads & Bridges CC 
88 Dar Tour Engineering CC 
89 Deiar Co. CC 
90 Dr. Goni Engineering CC 
91 El Faisal Real Estate Co. CC 
92 El Gezaira Engineering Company (G.E.C )  CC 
93 El Maawa for Investment Co. Ltd. CC 
94 El Mada Engineering Co. Ltd. CC 
95 El-Amir Musa Engineering Enterprise CC 
96 Eldali & Mazmom Group CC 
97 Eldoof Water Proofing CC 
98 Elnasr Co. Ltd. CC 
99 Elrashad Engineering Co.  CC 
100 Elsadat for Trade and Contracting CC 
101 El-Sharaea International Co. CC 
102 Elyaraa Engineering Co. Ltd CC 
103 Enmaa for Contracting CC 
104 Farahab Trading & Engineering Co. LTD CC 
105 Farasin for Trade and Contracting Ltd. CC 
106 For-Us Engineering Co. CC 
107 Hammam for Roads and Bridges Ltd. CC 
108 Hazinkof for Construction and Investment Ltd. CC 
109 Higleig Petroleum Services and Investment Co. CC 
110 Hitta for Engineering and Contracting CC 
111 Islamic Development for Water Drilling Company (IDWADCO) CC 
112 Iygan International Co. Ltd. CC 
113 Izz Elmadina for Construction & Building Materials CC 
114 Kaf For Roads and Bridges (Switch) CC 
115 Kenana Engineering and Technical Services CC 
116 Komine Trading Co. LTD. CC 
117 Kush for Building Materials Manufacturing and Construction CC 
118 Lulu Palace International Company CC 
119 M.C.G Co. LTD CC 
120 Madintol Engineering Enterprise CC 
121 Mam for Roads and Bridges CC 
122 Man National Co. Ltd. CC 
123 Manelco CC 
124 Maraya Engineering Co. Ltd. CC 
125 Miami Construction & Contracting CC 
126 Millennium for Engineering and Contracting Co. CC 
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127 Mustafa Musa Mustafa Enterprise CC 
128 Narty Engineering CC 
129 National Co. for Roads & Bridges CC 
130 Nibras Building Services CC 
131 Nile Star Co. LTD CC 
132 Nimran Energy Co. CC 
133 Nobel Consultant & Development CC 
134 Norandi for Trading & Services CC 
135 Oaf Brothers Construction CC 
136 Orbit for Engineering Services CC 
137 Osool Consultancy Co. LTD CC 
138 Pitmap for Engineering and Contracting CC 
139 Private Contractor CC 
140 Private Contractor CC 
141 Private Contractor CC 
142 Private Contractor CC 
143 Project Management Bureau CC 
144 ProTech Engineering Co. CC 
145 Pulse Engineering CC 
146 Pureland Engineering Co. LTD. CC 
147 Quick Cad System CC 
148 Sabbar For Investment Co. Ltd. CC 
149 Sadik Roads & Bridges Co. CC 
150 Shibrain Trade and Engineering Co. CC 
151 Shimaz Engineering Ltd. CC 
152 Sitayt Co. Ltd. CC 
153 Solid Buildings Systems Development Co. CC 
154 Sudanese Bureau Consultants CC 
155 Sudanese Engineers Group CC 
156 Taameer Multi-Activities Co. LTD CC 
157 Tarig Gaily for Contracting CC 
158 The Engineering Circle (T.E.C ) CC 
159 Tomak Engineering Co. CC 
160 U.D.C for Construction & Contracts CC 
161 Yasin for Engineering and Contracting Co. Ltd. CC 
162 Universal Power for Mechanical Services CC 
163 Universe Engineering CC 
164 Up-Construct Co. CC 
165 Al Muhagir for Investment REC 
166 Albaraka Real Estate Management Co. REC 
167 El Hijaz for Construction and Development REC 
168 Elzahir for Construction REC 
169 First for Investment and Development Ltd. REC 
170 Sogatra Construction Co. REC 
171 Blue Nile for Building & Construction Co. Ltd C 
172 British Council C 
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No. Entity Category
173 Community Development Fund C 
174 Practical Action - Sudan C 
175 Salih Abdelrahman Yagoub Co. Ltd. C 
176 Schulumberger & Dal C 
177 UNDP C 
178  Faculty of Urban Science, Al Zaiem Al-Azhari University U&RI 
179 Al-Zaiem Alazhari University U&RI 
180 Building & Roads Research Institute, U of K U&RI 
181 Development Studies & Research Institute, University of Khartoum U&RI 
182 El-Amarat College U&RI 
183 Faculty of Architecture, U of K U&RI 
184 Faculty of Engineering, University of Khartoum U&RI 
185 Heriot Watt University U&RI 
186 Omdurman Islamic University U&RI 
187 Sharg Elneel College U&RI 
188 Sudan University of Science & Technology U&RI 
189 Technology Research Center U&RI 
190 The National Rebat University U&RI 
191 University of Science and Technology U&RI 
192 Ahmed Alzobair Factory for Building Materials BMM&S 
193 Akadabi Steel BMM&S 
194 Almasara Design BMM&S 
195 Alumina Company for Aluminum Systems BMM&S 
196 Ammora for Aluminum BMM&S 
197 Aswar for Bricks BMM&S 
198 Attieh Steel Co. BMM&S 
199 Eimar Co. LTD BMM&S 
200 F.M. Investment BMM&S 
201 Giad El Sewady Cables Co. BMM&S 
202 Karaja For Metal Products, Aluminum, and P.V.C BMM&S 
203 Mahdi Abdelgadir Modathir Co. Ltd. BMM&S 
204 Mam Cement Co. BMM&S 
205 Salamanco Co. Ltd. BMM&S 
206 The Bright Light Co. BMM&S 
207 University of Khartoum Pilot Brick Plant & BRRI BMM&S 
208 Yamama for Building Materials BMM&S 
209 Ministry of Interior Affairs GA 
210 Ministry of Urban Planning and Development GA 
211 Minster of Welfare & Social Security  GA 
212 National Council for Physical Development GA 
213 National Fund for Housing and Reconstruction GA 
214 Sudanese Standards & Metrology Organization (SSMO) GA 
215 Contractors Union (CU) PI 
216 Engineering Council PI 
217 Federation of Sudanese Engineers PI 
218 Organizing Council For Consultancy Firms PI 
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219 Organizing Council for Engineering Works Contractors PI 
220 Sudanese Institute of Architects PI 
221 Union of Engineers of Khartoum State PI 
222 Al-Baraka Bank FI 
223 Alrowad Financial Services Co. Ltd. FI 
224 Micro -Finance Unit, Central Bank of Sudan FI 
225 Real Estate Commercial Bank FI 
 
Appendix  7.2: List of respondents targeted by the questionnaire 
No. Title Name Job Title Entity
1 Dr.  Abdelhalim Awad 
Abdelhalim 
General Manager / 
Associate Professor 
Halim Architecture & Town 
Planning Consult / El-Amarat 
College 
2 Arch. Abd Almajeed Abdalla 
Mohamed Ahmed 
Lecturer Faculty of Architecture, U of K 
3 Arch. Abdalla Abbas Habib General Manager Dar Consult for Architecture and 
Planning 
4 Eng. Abdalla Abdelrahman 
Abdalla 
Chief Executive 
Officer 
Orbit for Engineering Services 
5 Mr. Abdalla Ahmed Salih General Manager Yamama for Building Materials 
6 Mr. Abdalla Kheiry General Manager Al-Baraka Bank 
7 Dr. Abdalla Khogali Associate Professor Faculty of Engineering, 
University of Khartoum 
8 Eng. Abdalla Mahmoud 
Mohamed 
Projects Manager National Co. for Roads & 
Bridges 
9 Dr. Abdalla Mohamed 
Shgidi 
General Manager Center of Engineering and 
Technical Studies 
10 Eng. Abdel Aziz Mohamed 
Ali 
Engineer Sudanese Engineers Group 
11 Eng. Abdel Azizi Mohamed 
Ali 
Engineer Sudanese Engineers Group 
12 Eng. Abdel Azziz Mustafa 
Elgool 
General Manager Elgool Construction Co. 
13 Eng. Abdel Gadir Mohamed 
Omer Tamim 
Deputy Secretary 
General / General 
Manager 
Federation of Sudanese 
Engineers / Tadamon Real 
Estate Co. 
14 Eng. Abdel Hafeez Alzain 
Hassan 
General Manager Komine Trading Co. LTD. 
15 Tech. 
Eng. 
Abdel Hameed Osman 
Musa 
General Manager Up-Construct Co. 
16 Eng. Abdel Moneim Abdel 
Aal Mohamed 
General Manager 
Assistant 
Awtar Construction Co. 
17 Arch. Abdel Moneim Algam   Private Contractor 
18 Arch. Abdel Moniem Ali 
Shirain 
General Manager Shibrain Trade and Engineering 
Co. 
19 Mr. Abdel Moniem Marhom General Manager Sitayt Co. Ltd. 
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No. Title Name Job Title Entity
20 Eng. Abdel Rahman 
Aabashar 
Projects Manager Reetaj Consultancy 
21 ENG. Abdel Rahman 
Abddghafaf Khalafallah 
Ahmed 
General Manager Akadabi Steel 
22 Mr. Abdel Rahman 
Ayoubai 
Executive Manager National Fund for Housing and 
Reconstruction 
23 Arch. Abdel Salam Amasaeb General Manager Amasaeb & Hasaboo 
24 Arch. Abdel Wahab 
Abdelrahman Salih 
General Manager Karplen Consultants 
25 Eng. Abdel Wahab Ibrahim 
Suliman 
Civil Engineer The Engineering Circle (T.E.C ) 
26 Eng. Abdel Wahid Ali 
Hamad 
General Manager Awtar Construction Co. 
27 Arch. Abdelbagi Mohammed 
Abdelrahim 
General Manager El Gezaira Engineering 
Company (G.E.C )  
28 Eng. Abdelrahman Mustafa  Country Director UNDP 
29 Eng. Abdul Kabeir Adam 
Abdel Kabeir 
Projects & 
Contracts 
Coordinator 
Up-Construct Co. 
30 Eng. Abu Elgasim Mohamed 
Ahmed 
General Manager Al Naawa for Services and 
Investment 
31 Ach. Abubakr Alsiddig Ali   Private Consultant 
32 Dr. Abubakr Hussien 
Merghani 
General Manager/ 
Head, Department 
of Architectural 
Design 
Abubakr Engineering 
Consultants / Faculty of 
Architecture, U of K 
33 Dr. Abubakr Ibrahim 
Hussein 
Director Development Studies & 
Research Institute, U of K 
34 Eng. Abubakr Khalid Osman Electrical 
Department 
Manager 
Taameer Multi-Activities Co. 
LTD 
35 Arch. Adam Ibrahim Elhag Senior Architect Up-Construct Co. 
36 Eng. Adam Mahmoud 
Madboo 
General Manager Sibdo Engineering Consultancy 
37 Eng. Adil Amin Algamal General Manager Bssar Engineering Co. LTD 
38 Mr. Adil El Obeid Shibeika General Manager Elsadat for Trade and 
Contracting 
39 Eng. Adil El Tayib General Manager Adil Eltayib Co. 
40 Prof. Adil Mustafa Ahmed Professor Faculty of Architecture, U of K 
41 Eng. Adlan Elsiddig Deputy General 
Manager 
The Sudanese House of 
Architecture 
42 Eng. Affan Site Engineer The Engineering Circle (T.E.C ) 
43 Dr. Ahmed Abdallah 
Ahmed Omer 
Civil Engineering 
Consultant 
Hamdi Consulting Group 
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44 Dr. Ahmed Abdallah 
Mohamed 
Deputy Dean for 
Academic Affairs & 
Head, Department 
of Housing 
Faculty of Architecture, U of K 
45 Eng. Ahmed Abdel Gadir Engineer El Maawa for Investment Co. 
Ltd. 
46 Eng. Ahmed Abdel Gaffar General Manager Nimran Energy Co. 
47 Dr. Ahmed Abdelkarim 
Ahmed Suliman 
Head, Department 
of Urban Planning 
 Faculty of Urban Science, Al 
Zaiem Al-Azhari University 
48 Arch. Ahmed Abo Elbashar 
Atta Elmanan Raouf 
Lecturer Building & Roads Research 
Institute, U of K 
49 Eng. Ahmed Adam Abu 
Alama 
Projects Manager Man National Co. Ltd. 
50 Eng. Ahmed Ali Structural Engineer Murtada Maaz Consultancy 
51 Eng. Ahmed Alsawi 
Abdelmagid 
Engineer Tekno Consultancy Co. LTD 
52 Dr. Ahmed Elnazer Al Goni General Manager Dr. Goni Engineering 
53 Eng. Ahmed Hussein 
Abushama 
General Manager Islamic Development for Water 
Drilling Company (IDWADCO) 
54 Eng. Ahmed Hussein 
Mohamed Zyada 
General Manager Amal Engineering for Modern 
Contracts 
55 Eng. Ahmed Ibrahim Shatta General Manager Eimar Co. LTD 
56 Eng. Ahmed Ibrahim 
Suliman 
Technical Manager Alumina Company for Aluminum 
Systems 
57 Arch. Ahmed Sharfi Architect Dal Design & Construction 
58 Eng. Ahmed Suliman 
Mohamed Salih 
General Manager Sudanese Engineers Group 
59 Eng. Ahraf Monir Gad 
Alseed 
General Manager Elrashad Engineering Co.  
60 Arch. Akram Kamal Director, Planning 
Unit 
Minster of Welfare & Social 
Security  
61 Arch. Al Bagir Abdelaziz   Private Consultant 
62 Mr. Al Haj Mohamed Fadul General Manager Armina Trading Co. 
63 Eng. Alaa Basyoni General Manager First for Investment and 
Development Ltd. 
64 Eng. Alharith Bushra Ali 
Mohamed 
Supervision 
Manager 
Sudanese Engineers Group 
65 Mr. Ali Abdalla Altom Administration 
Manager 
Danfodio for Contracting, Roads 
& Bridges 
66 Tech. 
Eng. 
Ali Fadul Mudawi General Manager The Bright Light Co. 
67 Arch. Ali Mohamed Elkhir General Manager Ali Elkheir & Sirag 
68 Mr. Ali Mohamed Mubarak General Manager Albaraka Real Estate 
Management Co. 
69 Eng. Ali Mohamed Saeeid 
Saleh 
- M.C.G Co. LTD 
70 Dr. Ali Zaroug Associate Professor Faculty of Architecture, U of K 
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71 Arch. Alkindi Hassan   Ministry ofUrban Planning and 
Development 
72 Arch. Amal Mohammed 
Hassan Balila 
Lecturer Faculty of Architecture, U of K 
73 Eng Amani Ahmed Salih Executive Sales & 
Contracts 
Norandi for Trading & Services 
74 Eng. Ameer Mokhtar Elnour General Manager Lulu Palace International 
Company 
75 Eng. Amin Osman Ali 
Mohamed 
General Manager Amin Engineering 
76 Eng. Amir Hamad Mohamed 
Abu Alhassan 
Structural Engineer Murtada Maaz Consultancy 
77 Eng. Amir Mohamed Musa - Nasr Co. LTD. 
78 Eng. Amjad Ahmed Mirghani Projects Manager Mam for Roads and Bridges 
79 Arch. Ammar Hassan 
Mohamed Osman 
Lecturer Faculty of Architecture, U of K 
80 Arch. Amro Ayoub   Private Contractor 
81 Arch. Anas Malek Mohamed 
Hamed   
Projects Manager Mondial Consultancy 
82 Eng. Anwar Elhadi Former President of 
Engineering 
Council 
Private Consultant 
83 Eng. Anwar Medani Mahdi General Manager Alankabout for Engineering & 
Trading Co. Ltd. 
84 Eng. Arif Ali Khan C E O Nile Star Co. LTD 
85 Eng. Ashraf Awad Elkarim 
M. Ahmed 
Projects Manager Mondial Consultancy 
86 Arch. Ashraf Mohamed Zaki General Manager Ashraf & Salah Consulting 
Engineers 
87 Mr. Ashraf Ramadan Abdel 
Basheer 
Sales Manager Giad El Sewady Cables Co. 
88 Arch. Awad Alkareem 
Mohamed Ahmed 
General Manager Karplen Consultants 
89 Dr. Awad Ammora General Manager Ammora for Aluminum 
90 Dr. Awad Saad Hassan Head, Department 
of Architecture 
Sudan University of Science & 
Technology 
91 Arch. Ayman Hashim Osman 
Elsayed      
Architect Technocon Engineering Group 
92 Arch. Ayman Khalil 
Abdelgadir 
Lecturer Omdurman Islamic University 
93 Arch. Ayman Osman Humodi Architect Ministry of Interior Affairs 
94 Mr. Ayman Yassin Dafallah Business 
Development and 
Marketing Manager 
Alrowad Financial Services Co. 
Ltd. 
95 Mr. Azzam Mohammed 
Saeed 
Sales Manager Attieh Steel Co. 
96 Arch. Daivid Swaka Bureng Architect Pureland Engineering Co. LTD. 
97 Arch. Eatimad Taha Khider Architect Al Muhagir for Investment 
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98 Eng. Einas Mahgoub 
Osman 
- Deiar Co. 
99 Eng. El Amin Mustafa El 
Amin 
General Manager Contaleese Engineering 
Company 
100 Eng. El Hadi Adam Ali General Manager El Mada Engineering Co. Ltd. 
101 Eng. Elamin Elrayah 
Mohammed Ahmed 
Civil Engineer Higleig Petroleum Services and 
Investment Co. 
102 Tech. 
Eng. 
El-Amir Musa Abdel 
Hameed 
General Manager El-Amir Musa Engineering 
Enterprise 
103 Eng. Elayit Hussein Zakaria Projects Manager Danfodio for Contracting, Roads 
& Bridges 
104 Eng. Elbashir Ahmed Executive Manager Eldali & Mazmom Group 
105 Dr. Elhussein Ahmed 
Elhussein Alarabi 
Assistant Professor Building & Roads Research 
Institute, U of K 
106 Eng. Elkhidir Ahmed General Manager Hammam for Roads and Bridges 
Ltd. 
107 Eng. Elkhir Ibrahim Ahmed Head of Execution 
Department 
Millennium for Engineering and 
Contracting Co. 
108 Eng. Elmamoun Abbas 
Mohammad Elsayed 
General Manager Madintol Engineering Enterprise 
109 Eng. Elmoiz Ali Mohamed Materials Engineer Ashraf & Salah Consulting 
Engineers 
110 Arch. Elnazeer Salih Ahmed General Manager Narty Engineering 
111 Arch. Elsheikh Abdel Gadir Managing Director Sudanese Bureau Consultants 
112 Eng. Elsheikh Elsheikh Idris Project Manager Ashraf & Salah Consulting 
Engineers 
113 Eng. Elsir Elkhatim Awad 
Salih 
General Manager Elyaraa Engineering Co. Ltd 
114 Tech. 
Eng. 
Elsir Khairy Abdel 
Razig 
General Manager Sabbar For Investment Co. Ltd. 
115 Eng. Eltahir Sorein Darfour Senior Civil 
Engineer 
Newtech Consulting Group 
116 Dr. Eltayb Alhaj Secretary General / 
Associate Professor 
Sudanese Institute of Architects / 
University of Science and 
Technology 
117 Eng. Eltayib Ahmed Eltayib 
El Akadabi 
General Manager Akadabi Steel 
118 Arch. Eltayib Ibrahim Project Manager Aina International Co. 
119 Mr. Elwaleed Fayt 
Mohamed Fayt 
General Manager Man National Co. Ltd. 
120 Eng. Elzain Hassan Bilal General Manager Abu Olwan Engineering Co. Ltd. 
121 Eng. Elzubair Fath 
Elrahman Warrag 
General Manager Bssar Engineering Co. LTD 
122 Eng. Emad Eldin Elamin General Manager Concrete Engineering Company 
123 Arch. Emad Eldin Elshazali   Private Contractor 
124 Eng. Emad Eldin Gorashi 
Mohamed 
General Manager Iygan International Co. Ltd. 
125 Arch. Emad Eldin Mohamed 
Elhassan 
General Manager Emad Eldin Mohamed 
Engineering Consultants 
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126 Eng. Esam Hamid Projects Manager Reetaj Consultancy 
127 Eng. Faisal Abdalla Ali General Manager Hazinkof for Construction and 
Investment Ltd. 
128 Arch. Faisal El Garay Projects Manager Reetaj Consultancy 
129 Mr. Faisal Hassan Gaily General Manager Real Estate Commercial Bank 
130 Eng. Fakhr Aldin Alfatih General Manager Aspaltra Engineering 
131 Arch. Faried Osman 
Mohamed Ali 
 Director, 
Architectural 
Design Dept. 
Dar Consult for Architecture and 
Planning 
132 Mr. Farouq Khojali Habani General Manager Al Muhagir for Investment 
133 Eng. Fathi Tomas Yousif General Manager F.M Investment 
134 Eng. Fatima Alla Eldin 
Farahat 
Quality Control 
Engineer 
The Sudanese House of 
Architecture 
135 Dr. Gamal Ali Khalafallah Associate Professor Faculty of Architecture, U of K 
136 Dr. Gamal Mahmoud 
Hamid 
Dean Faculty of Architecture, U of K 
137 Arch. Gamer Eldin Hassan 
Taj Elkarim 
General Manager Gamer Hassan Architects & 
Consultants 
138 Eng. Gasem Awadalla 
Yousif 
Civil Engineer Oaf Brothers Construction 
139 Dr. Gulam Eldin Osman Secretary General / 
Chairman 
National Fund for Housing and 
Reconstruction/ Real Estate 
Commercial Bank 
140 Dr. Hagir Hakim Teaching Fellow Heriot Watt University 
141 Arch. Hala Altag Bilal Lecturer Sudan University of Science & 
Technology 
142 Eng. Hala Mohamed Obeid Engineer Organizing Council for 
Engineering Works Contractors 
143 Dr. Hamid Elamin Ahmed General Manager Alrowad Financial Services Co. 
Ltd. 
144 Eng. Hamid Mohamed 
Ahmed 
Structural Engineer Ali Elkheir & Sirag 
145 Eng. Hamza Hassan 
Mohammed 
Technical Manager Tomak Engineering Co. 
146 Eng. Hani Abdeen Osman Civil & Structural 
Engineer 
Hayder Ahmed Ali Architects & 
Building Consultants 
147 Arch. Hani Elsheikh Abdel 
Gadir 
Architect Sudanese Bureau Consultants 
148 Arch. Hani Mahmoud   Priavte Consultant 
149 Arch. Hasaboo General Manager Amasaeb & Hasaboo 
150 Eng. Hashim Hassan 
Mohamed 
Projects Manager Dar Consult for Architecture and 
Planning 
151 Eng. Hassan Abubakr 
Mohammed 
Planning Manager Sadik Roads & Bridges Co. 
152 Arch. Hatim Taj Elsir Ibrahim General Manager Al Barkal Engineering 
153 Arch. Hayder Ahmed Ali General Manager Hayder Ahmed Ali Architects & 
Building Consultants 
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154 Arch. Haythem Elhadi Abbas        Project Manager Millennium for Engineering and 
Contracting Co. 
155 Arch. Hind Elhassan Senior Architect Elgedar Engineering and 
Consultancy 
156 Mr. Hisham Salih A. 
Yagoub 
Deputy General 
Manager 
Salih Abdelrahman Yagoub Co. 
Ltd. 
157 Eng. Ibrahim Ali Ahmed General Manager Millennium for Engineering and 
Contracting Co. 
158 Arch. Ibrahim Elsadig 
Mohamed Eljack 
Executive Manager 
/ Lecturer 
Osool Consultancy Co. LTD / 
Faculty of Architecture, U of K 
159 Eng. Ibrahim Hamad 
Mohmed Salih 
General Manager Enmaa for Contracting 
160 Eng. Ibrahim Mohamed 
Karrar 
General Manager Alshahbaa Engineering Co. 
161 Arch. Ibrahim Zakaria 
Bahreldin 
Lecturer Faculty of Architecture, U of K 
162 Eng. Idris Omer Hassan Engineer Elnasr Co. Ltd. 
163 Eng. Imad Ali Hassan Projects Manager Tekno Consultancy Co. LTD 
164 Arch. Iman Mohamed Malik Project Coordinator Newtech Consulting Group 
165 Arch. Ingi Anwar El-Hadi Projects Manager / 
Lecturer 
Business International 
Resources and Development 
Co. / Faculty of Architecture, U 
of K 
166 Eng. Isam Adulaziz Civil Engineer Private Consultant 
167 Eng. Ishag Hamouda Ishag Quarry and Asphalt 
Plants Manager 
Danfodio for Contracting, Roads 
& Bridges 
168 Arch. Ismail Ali Elsheikh Architect Ministry of Interior Affairs 
169 Eng. Ismail Babiker 
Mohamed 
Design Manager Sudanese Engineers Group 
170 Mr. Ismat Mohamed 
Elhassan Osman 
General Manager Al Barkalawy for Trading and 
Contracting 
171 Arch. Izzat Abdelrahman 
Abdelatif 
Technical Manager Hayder Ahmed Ali Architects & 
Building Consultants 
172 Eng. Izzeldin Mohamed 
Nour Elmadina 
General Manager Izz Elmadina for Construction & 
Building Materials 
173 Arch. Jack Ishkhans General Manager ACE Architects & Consultants 
Engineers 
174 Tech. 
Eng. 
Jalal Eldin Elsanosi 
Hamid 
Projects Manager Danfodio for Contracting, Roads 
& Bridges 
175 Eng. Jihad Ahmed 
Karadawe         
Civil Engineer Dar Consult for Architecture and 
Planning 
176 Eng. Khalda Hassan Director, Research 
Unit 
Real Estate Commercial Bank 
177 Eng. Khalid Abdel Gadir 
Khogali Ahmed 
Construction 
Manager 
Albarajoob Engineering Co. Ltd. 
178 Arch. Khalid Fadl Aseed 
Abdalla 
General Manager Promang Consultants 
179 Eng. Khalid Jabir Abu Elizz General Manager Al Barkal Engineering 
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180 Arch. Khalid Kamal 
Abdelgder 
Financial Affairs 
Secretary 
Union of Engineers of Khartoum 
State / Ministry of Urban 
Planning and Development 
181 Eng. Khalid Mohamed Engineer El Gezaira Engineering 
Company (G.E.C )  
182 Mr. Khalid Salem Manager Al-Rowad for Real Estate 
183 Eng. Khalwati Alsharif Engineering 
Consultant 
National Fund for Housing and 
Reconstruction 
184 Arch. Lina Elsheikh Architect Sudanese Bureau Consultants 
185 Eng. Lotfi Abdalla 
Mohammed 
Contracting 
Manager 
Lulu Palace International 
Company 
186 Arch. Magi Gasmallah Lecturer Sudan University of Science & 
Technology 
187 Arch. Mahdi Rabih Berair General Manager M. R. Berair & Consulting 
Engineers 
188 Eng. Mahgoub Hassan 
Mahgoub 
General Manager Hitta for Engineering and 
Contracting 
189 Eng. Mahmoud Mohamed 
Ahmed Idris 
Geometric Design 
& CAD System 
Specialist 
Ashraf & Salah Consulting 
Engineers 
190 Mr. Mahmoud Mohamed 
Mahjoub       
Chemist Ahmed Alzobair Factory for 
Building Materials 
191 Eng. Mahmoud Salih General Manager Salamanco Co. Ltd. 
192 Eng. Maissa Musa Gasm 
Elseed 
Engineering 
Assistant 
Community Development Fund 
193 Mr. Malik Iddris Ali   Izz Elmadina for Construction & 
Building Materials 
194 Eng. Mansour Mohamed 
Mustafa 
Manager, 
Engineering 
Department 
Albaraka Real Estate 
Management Co. 
195 Arch. May Abd El-Raouf 
Yassen 
Lecturer The National Ribat University 
196 Arch. Mayada Abdelrazig Lecturer Sudan University of Science & 
Technology 
197 Arch. Maysoon Badi Lecturer Building & Roads Research 
Institute, U of K 
198 Eng. Merghani Abdelrahman 
Houmaida 
General Manager El Maawa for Investment Co. 
Ltd. 
199 Arch. Mewahib Abdalla 
Mohamed 
Business Director British Council 
200 Eng. Moahmed Abdel Salam 
Ibrahim     
Project Manager Schulumberger & Dal 
201 Dr. Moahmed Elhassan 
Abdel Rahman 
General Manager Newtech Consulting Group 
202 Eng. Mohamed Abbas 
Elsheikh 
General Manager Concrete Engineering Company 
203 Eng. Mohamed Abdel Azeiz 
Elias 
Projects and 
Contracts sales 
Manager 
Giad El Sewady Cables Co. 
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204 Eng. Mohamed Abdel Gadir General Manager Maraya Engineering Co. Ltd. 
205 Eng. Mohamed Abdlrahman 
Dawi 
General Manager Sadik Roads & Bridges Co. 
206 Eng. Mohamed Adam Musa Technical Manager Sogatra Construction Co. 
207 Mr. Mohamed Ahmed 
Suliman 
General Manager Albarajoob Engineering Co. Ltd. 
208 Arch. Mohamed Ali Elsirag 
Ahmed 
Chief Architect Ali Elkheir & Sirag 
209 Arch. Mohamed Atta 
Elmannan El-Sulehaby 
General Manager MERIT Group 
210 Arch. Mohamed Bakr 
Mahmoud 
General Manager Masakin Engineering Consultant 
211 Eng. Mohamed Elhassan 
Abdelmagid 
General Manager A Y for Trading and Contracting 
212 Arch. Mohamed Elhassan A-
Eragi 
Architect Dal Design & Construction 
213 Eng. Mohamed Elhassan 
Elammas 
General Manager Shimaz Engineering Ltd. 
214 Eng. Mohamed Elnaiem 
Mohamed Eissa 
Projects Manager Tekno Consultancy Co. LTD 
215 Arch. Mohamed Eltigani 
Khalil 
Deputy Manager ACE Architects & Consultants 
Engineers 
216 Eng. Mohamed Garelnabi Deputy Secretary 
General / Deputy 
General Manager 
Tadamon Real Estate Co. 
217 Eng. Mohamed Hag Idris 
Badawi 
Engineer El Mada Engineering Co. Ltd. 
218 Arch. Mohamed Hassan A. 
Elsheikh 
Projects Manager Dams Implementation Unit 
219 Dr. Mohamed Hussein 
Hamid 
Executive Director University of Khartoum Pilot 
Brick Plant & BRRI 
220 Eng. Mohamed Ibrahim 
Shatta 
General Manager Nasifah for Engineering 
Consultants 
221 Mr. Mohamed Ismail 
Mohamed Khalafallah 
General Manager Mam for Roads and Bridges / 
Mam Cement Co. 
222 Eng. Mohamed Karaja General Manager Karaja For Metal Products, 
Aluminum, and P.V.C 
223 Arch. Mohamed Mahmoud 
Fageir Hussein 
Lecturer Faculty of Architecture, U of K 
224 Arch. Mohamed Mahmoud 
Hamdi 
General Manager Hamdi Consulting Group 
225 Mr. Mohamed Mahzoub 
Fidiel 
Country Director Practical Action - Sudan 
226 Arch. Mohamed Nageeb 
Elhoweris 
General Manager / 
Assistant Professor 
Badia Consultancy / Faculty of 
Architecture, U of K 
227 Eng. Mohamed Osman 
Mohamed Elhassan 
General Manager Urban Studies 
228 Eng. Mohamed Sadik Orabi Manager Universal Power for Mechanical 
Services 
229 Eng. Mohamed Salah Projects Manager Man National Co. Ltd. 
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230 Eng. Mohamed Yousif 
Baraka 
Technical Affairs 
Manager 
Elgedar Engineering and 
Consultancy 
231 Eng. Mohammed Ali 
Fadlalla 
Projects Manager Bannage Consult 
232 Eng. Mohammed Elhabib 
Abdelrahman 
Projects Manager Danfodio for Contracting, Roads 
& Bridges 
233 Arch. Mohammed Sanhoori 
Mohammed 
Projects Manager Solid Buildings Systems 
Development Co. 
234 Eng. Moiz Gasim Ibrahim 
Altash 
Technical Manager ProTech Engineering Co. 
235 Mr. Mostafa Mohamed 
Ebrahim Alies 
- El Gezaira Engineering 
Company (G.E.C )  
236 Eng. Mubarak Abelraheem 
Mohammed 
General Manager Norandi for Trading & Services 
237 Dr. Mudathir Sulieman Projects Manager Khartoum International Airport 
238 Arch. Muna Isam Eldin 
Osman 
General Manager / 
Lecturer 
Osool Consultancy Co. LTD / 
Faculty of Architecture, U of K 
239 Dr. Muna Jibreel Assistant Professor Technology Research Center 
240 Arch. Murtada Muaaz 
Babiker 
General Manager Murtada Maaz Consultancy 
241 Mr. Musa Said Eisa General Manager Almasara Design 
242 Eng. Mustafa Musa Mustafa General Manager Mustafa Musa Mustafa 
Enterprise 
243 Tech. 
Arch. 
Mustafa Zaki Mustafa General Manager Kush for Building Materials 
Manufacturing and Construction 
244 Dr. Mutasim Abdalla 
Elzamzami 
Associate Professor Building & Roads Research 
Institute, U of K 
245 Eng. Mutaz Sideeg Hussien 
Abdallah 
Manager, 
Engineering 
Department 
Sudanese Standards & 
Metrology Organization (SSMO) 
246 Eng. Nada Hilmy George General Manager Design 2000 
247 Eng. Nadir Mohamed 
Hassanein 
Technical Director Khartoum Center for Technical 
Consultation 
248 Eng. Nagi Ibrahim 
MohammedTahir 
Projects Manager Norandi for Trading & Services 
249 Arch. Nasir Shaddad Assistant Manager Project Management Bureau 
250 Arch. Natale Neur Rehan Architect / Lecturer Hutcom Consult / Faculty of 
Architecture, U of K 
251 Arch. Nazar Elfatih General Manager Conquers Computer and 
Engineering Company 
252 Eng. Nazar Mohamed Nour General Manager Pulse Engineering 
253 Eng. Nisreen Salih Civil Engineer Elzahir for Construction 
254 Eng. No Name Structural Engineer Newtech Consulting Group 
255 Eng. No Name Engineer Tekno Consultancy Co. LTD 
256 Dr. Omer Abdalla Abu 
Elzein 
Registrar Organizing Council for 
Engineering Works Contractors 
257 Eng. Omer Abdalla Ibrahim General Manager Farahab Trading & Engineering 
Co. LTD 
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258 Eng. Omer Salih Umbaddi   Shibrain Trade and Engineering 
Co. 
259 Prof. Omer siddig osman  President / 
Professor 
Sudanese Institute of Architects / 
Al-Zaiem Al-Azhari University 
260 Dr. Osama Abdel Hafeez 
El Hussein 
General Manager Khartoum Center for Technical 
Consultation 
261 Eng. Osama Elemam 
Gasom 
Projects Manager Tomak Engineering Co. 
262 Dr. Osama Mohamed 
Ahmed Daoud 
Head of 
Department of 
Building Materials & 
Structures 
Building & Roads Research 
Institute, U of K 
263 Arch. Osama Mohammed 
Aburouf 
Architect Rami & Mohamed A. Hameed 
Architects and Consultants 
264 Arch. Osama Shiep   Pitmap for Engineering and 
Contracting 
265 Dr. Osman Abdelrahman 
Abdall 
Director University of Khartoum 
Consultancy Corporation 
266 Eng. Osman Alameen Ali Chairman/Secretary 
General 
Concrete Engineering Company/ 
Organizing Council For 
Consultancy Firms 
267 Eng. Osman Bukkry Ibrahim Surveyor Engineer Ashraf & Salah Consulting 
Engineers 
268 Dr. Osman Elkheir General Manager Newtech Consulting Group 
269 Eng. Osman Ibrahim General Manager Reetaj Consultancy 
270 Eng. Osman Ibrahim Ahmed General Manager Abboud Engineering Consultants 
271 Eng. Osman Yousif Projects Manager For-Us Engineering Co. 
272 Tech 
Arch. 
Rafi Elyas Mohamed 
Taha 
Deputy General 
Manager 
Eldoof Water Proofing 
273 Arch. Rania Obead Ahmad 
Obead 
Lecturer Sharg Elneel Colledge 
274 Arch. Rasha Ali Abobaker 
Abdelrahman 
Teaching Assistant Faculty of Architecture, U of K 
275 Eng. Ricardo Raciti General Manager Mefit Ltd. 
276 Arch. Rihab Mohamed Salih 
Mohamed 
Project Manager Bee Development and Housing 
Co. 
277 Eng. Saaid Mohamed Saaid Chief Bridges 
Engineer 
Newtech Consulting Group 
278 Eng. Sabiel Abdel Rasoul 
Sabiel 
Secretary General National Council for Physical 
Development 
279 Arch. Sahar Barakat Mudawi Projects Manager Estate Investment and 
Development Company (EDCO) 
280 Arch. Sahar Mohamed El 
Mustafa Salih 
Technical Office 
Engineer 
U.D.C for Construction & 
Contracts 
281 Dr. Saif Sadig Hasssan Project Manager / 
Associate Professor 
Khartoum International Airport / 
Faculty of Architecture, U of K 
282 Eng. Salah Abdallah Ahmed Projects Manager Awtar Construction Co. 
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283 Arch. Salah Eldin Abdelrazig 
Abdalla 
Lecturer Faculty of Architecture, U of K 
284 Eng. Salah Eldin Awad Allah 
Salih 
General Manager Power Consult 
285 Eng. Salah Eldin Babkir Abn 
Oaf 
General Manager Oaf Brothers Construction 
286 Eng. Salah Eldin Hassan 
Osman 
Manager Manelco 
287 Eng. Salah Eldin Mohamed 
El Amin 
General Manager Al Joody for Trade and 
Construction 
288 Mr. Salah Elsheikh Deputy General 
Manager 
Al-Baraka Bank 
289 Arch. Salah Hassan Matar General Manager The Sudanese House of 
Architecture 
290 Arch. Salah Hassan Rahama   Private Contractor 
291 Dr.  Salah Mahmoud 
Osman 
Director, Structure 
Plan Monitoring 
Unit / Associate 
Professor 
Ministry of Urban Planning & 
Development / Faculty of 
Architecture, U of K 
292 Arch. Salah Mohamed 
Osman Alshibly 
General Manager Alshibly Consultancy 
293 Eng. Salih Abdalla Ahmed 
Yahia 
General Manager Dar Tour Engineering 
294 Dr. Samar Mohayad 
Bannaga 
Chief Construction 
Contracts 
Administrator 
Kenana Engineering and 
Technical Services 
295 Arch. Samer N. Mubarak Senior Architect Tekno Consultancy Co. LTD 
296 Eng. Sami Mustafa 
Mohamed Elhassan 
Construction Dept. 
Supervisor 
Bee Petroleum CO. 
297 Eng. Samir Hamid Hammad General Manager El Faisal Real Estate Co. 
298 Eng. Sanna Osama 
Mohamed Osman 
Sales Manager Akadabi Steel 
299 Arch. Sara Abdelrahmman 
Yagoub 
Studio Manager M. R. Berair & Consulting 
Engineers 
300 Eng. Sara Eltayeb Bilal Bilal Interior Designer M. R. Berair & Consulting 
Engineers 
301 Dr. Saud Sadig Hassan General Manager Engineering Administration, 
Sudan University of Science and 
Technology / Al Forum Company 
302 Eng. Sayed Ahmed Yasin External Affairs 
Secretary / General 
Manager 
Contractors Union / Yasin for 
Engineering and Contracting Co. 
Ltd. 
303 Eng. Shakir Kunda Engineers 
Coordinator & Sites 
Supervisor 
The Sudanese House of 
Architecture 
304 Eng. Shams Eldin 
MohamedShams Eldin 
General Manager Elgedar Engineering and 
Consultancy 
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305 Dr. Sharaf Edin Bannaga President / General 
Manager 
Organizing Council For 
Consultancy Firms / Bannage 
Consult 
306 Eng. Sharief Mahmoud 
Murad 
General Manager Sudanese Consultant Engineers 
Group-Sudan 
307 Eng. Shawgi Ahmed Projects Manager Reetaj Consultancy 
308 Arch. Shaza Abdel Hafiz 
Hassan Khatab 
Lecturer The National Rebat University 
309 Mr. Shibeika Izzeldin 
Shibeika 
Team Leader, 
Markets & Live 
hoods Program 
Practical Action - Sudan 
310 Ms Sulafa Ibrahim Hassan Sales Manager Mahdi Abdelgadir Modathir Co. 
Ltd. 
311 Eng. Suliman Omer Kowyes General Manager Amal Engineering for Modern 
Contracts 
312 Eng. Tag Eldeen Awad 
Abusin 
Technical Manager The Colleague Advisory Co. 
313 Arch. Tagreed Abdin Senior Architect Murtada Maaz Consultancy 
314 Eng. Talal Mohamed Ageeb General Manager Turb Eamar Consultant & 
Engineering Studies 
315 Eng. Talal Mohamed Ahmed 
Ageeb 
Manager, Building 
Department 
Higleig Petroleum Services and 
Investment Co. 
316 Dr. Tallal Abdelbasit 
Saeed 
Assistant Professor Faculty of Architecture, U of K 
317 Arch. Tamador Ahmed 
Osman Elhag 
Architect & City 
Planner 
Ministry of Urban Planning and 
Development 
318 Arch. Tarig Adam Fadul General Manager Nibras Building Services 
319 Mr. Tarig Ali Mohamed   Aswar for Bricks 
320 Arch. Tarig Mohamed Tibin General Manager Turb Eamar Consultant & 
Engineering Studies / Elnileen 
Centre for Consultancy and Real 
Estate 
321 Eng. Tarig Mohammed Gaily 
Abdelrahim   
General Manager Tarig Gaily for Contracting 
322 Eng. Tarig Omer Bannaga Engineer Elnasr Co. Ltd. 
323 Arch. Taufiq Taha Mohamed 
Ahmed 
Resident Engineer New Lines Consultants 
324 Arch. Urjwan Ibrahim Elkamil General Manager Solid Buildings Systems 
Development Co. 
325 Eng. Usama Mohamed 
Ahmed Al Hajj 
General Manager Contaleese Engineering 
Company 
326 Eng. Waeel Idris Electrical Engineer Murtada Maaz Consultancy 
327 Eng. Wael Mahjoub Abbas Projects Manager Blue Nile for Building & 
Construction Co. Ltd 
328 Arch. Wael Osman Mubarak General Manager X-Design for Architectural 
Design and Consults / Quick 
Cad System 
329 Mr. Waleed Assad Deputy Director Micro -Finance Unit, Central 
Bank of Sudan 
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330 Tech. 
Eng. 
Waleed Khidir Ageeb 
Hamid 
  El-Sharaea International Co. 
331 Eng. Widad Yagoub Ibrahim General Manager Bee Development and Housing 
Co. 
332 Arch. Wisal Hamour Projects Manager Al-Sunut Project 
333 Tech. 
Eng. 
Wisam Yassin Abdalla Technical Engineer Mustafa Musa Mustafa 
Enterprise 
334 Arch. Yagoub Mohamed 
Yagoub Shaddad 
Lecturer Faculty of Architecture, U of K 
335 Arch. Yahia Abdel Hai 
Mohammed 
General Manager / 
Assistant Professor 
Yahia Abdel Hai Consultancy / 
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351 Eng. Zohair Abdelatif 
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Appendix  8.1: Response Rate 
Method of Distribution - entities 
No. of Entities Approached 225 
Emails 49 21.8% 
E-mail + Hard Copy 90 40.0% 
Hard Copy 86 38.2% 
Method of Distribution and collection of questionnaires - Individuals 
Distributed Collected 
No. of Questionnaires 352 213 
Emails 68 19.3% 32 47.1% 
E-mail + Hard Copy 94 26.7% 24 25.5% 
Hard Copy 190 54.0% 157 82.6% 
Response rate of entities 
No. of Targeted Entities 225 
No. of Responding Entities 102 45.3% 
No. Partially Responding Entities 42 18.7% 
No. of Non-responding Entities 81 36.0% 
Response rate of Individuals 
No. of Distributed Questionnaires 352 
No. of Collected Questionnaires 213 60.5% 
No. of Incomplete Questionnaires 12 3.4% 
No. of unfilled Questionnaires 127 36.1% 
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Appendix  8.2: Distribution of respondents by scope of work 
Respondents working in a single field 
    
Consultants 61 40.1% 
Contractors 57 37.5% 
Clients 3 2.0% 
Academic/Research 12 7.9% 
Materials Manufacturer/Supplier 11 7.2% 
Professional Institutes 2 1.3% 
Governmental Authorities 3 2.0% 
Project Implementers 2 1.3% 
Real Estate Managers/Investors 1 0.7% 
 
152 100.0%
Respondents working in more than field     
Consultant and Contractor 10 16.4% 
Consultant, Contractor and Client 1 1.6% 
Consultant, Contractor and Academic 2 3.3% 
Consultant, Contractor and Material 
Supplier/Manufacturer 4 6.6% 
Consultant and Client 1 1.6% 
Consultant & Academic/Researcher 19 31.1% 
Consultant, Academic/Researcher & Professional 
Institutions Member 2 3.3% 
Consultant and Materials Supplier/Manufacturer 2 3.3% 
Contractor and Academic/Researcher 1 1.6% 
Contractor, Academic/Researcher and Materials 
Supplier/ Manufacturer 1 1.6% 
Contractor and Material Supplier/Manufacturer 14 23.0% 
Client and Materials Supplier/Manufacturer 1 1.6% 
Client and Banker 1 1.6% 
Academic & Research and Materials 
Supplier/Manufacturer 1 1.6% 
Academic & Research and Governmental Authorities 1 1.6% 
 
61 100.0%
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Appendix  8.3: Respondents Profile 
Sector of respondents 
  Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Public Sector 35 17.4 17.4 17.4 
Private Sector 157 78.1 78.1 95.5 
Public Private 6 3.0 3.0 98.5 
NGOs 3 1.5 1.5 100.0 
Total 201 100.0 100.0
  
Academic qualification       
  Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
PhD 20 10.0 10.0 10.0 
M.Sc./Higher 
Diploma 69 34.3 34.3 44.3 
B.Sc. 105 52.2 52.2 96.5 
Diploma/Technical 7 3.5 3.5 100.0 
Total 201 100.0 100.0
  
Years of experience         
  Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
0-5 Yrs 7 3.5 3.5 3.5 
6-10 Yrs 41 20.4 20.4 23.9 
11-15 Yrs 47 23.4 23.4 47.3 
16-20 Yrs 26 12.9 12.9 60.2 
20+ Yrs 80 39.8 39.8 100.0 
Total 201 100.0 100.0
  
Gender         
  Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Male 172 85.6 85.6 85.6 
Female 29 14.4 14.4 100.0 
Total 201 100.0 100.0
  
Nationality         
  Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Sudanese 197 98.0 98.0 98.0 
Not Sudanese 4 2.0 2.0 100.0 
Total 201 100.0 100.0
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Appendix  8.4: Reliability analysis coefficients 
Tested Part 
No. of 
Cases 
No. of 
Items 
Alpha 
(α) 
Section B 89.00 73.00 0.9521 
Section C 149.00 46.00 0.8576 
Section D 184.00 15.00 0.8893 
Section B, C and D 70.00 134.00 0.954 
Section A, B, C, D 
and E (All the 
questionnaire) 
61.00 156.00 0.829 
 
Appendix  8.5: Consistency test results 
Code Question No. of 
observations
Mini
mum
Maxi
mum
Mean
Std. 
Deviati
on
2 1 0 -1 -2 SpearmanR Sig
SB 1_4 Information scarcity 201 -2 2 0.9 0.972 28 45 20 3.98 3.48
SD 1_2 Lack of information 198 -2 2 1.05 0.905 34 45 16 3.54 2.02
SD 4_10 Reliance on imports 194 -2 2 0.86 0.969 29 39 24 7.22 1.55
SB 2_13 Poor utilization of local BMs and technologies 201 -2 2 0.77 0.989 26 36 27 8.96 1.49
SC 1_8 Designers oreintation 198 -2 2 0.61 1.124 26 31 23 17.2 2.53
SE 6 Designers & local BMS 191 -2 2 0.17 1.284 16 35 8.4 31.9 8.9
SB 4_17 Inforaml employment 194 -2 2 0.68 0.934 19 42 29 8.76 1.55
SE 3 Main sector for 
construction for housing 191 1 2 1.52 0.501 - - - - -
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed). 
0.017
0.000
0.012
0.000
170*
314**
185*
354**
 
Appendix  8.6: Consistency test results for selected questions 
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Appendix  8.11: Ranking of variables 
 
Ranking of factors influencing the performance of the SCI and SBMI 
Variable 
Code 
1- Socio-economic and political 
factors 
Mean 
Rank 
sb1_01 Weak socio-economic conditions 5.9 Test Statistics 
sb1_02 Economic and political instability 6.1 N 188 
sb1_03 Population growth and rapid 
urbanization 3.4 
Kendall's 
Wa 0.161 
sb1_04 Information scarcity 5.0 Chi-Square 242.384 
sb1_05 Inadequate policies 5.1 df 8 
sb1_06 Vast regional inequalities 3.6 Asymp. Sig. 0.000 
sb1_07 Wars & conflicts 5.2 a. Kendall's Coefficient 
of Concordance 
sb1_08 Lack of government recognition 4.7 
sb1_09 Lack of strategic planning and long-term 
vision 6.0 
    
  
2- Structure and capacity of SCI 
factors 
Mean 
Rank 
sb2_01 Fragility, weakness, underdevelopment 
of CI 9.5 Test Statistics 
sb2_02 High rates of risks and uncertainties 9.7 N 159 
sb2_03 Lack of adequate management, 
supervision, and follow-up 9.0 
Kendall's 
Wa 0.065 
sb2_04 Inadequate design, tender & contractual 
documents 9.2 
Chi-
Square 165.899 
sb2_05 Poor contractors' capabilities 9.6 df 16 
sb2_06 Inappropriate procurement and delivery 
system 7.9 
Asymp. 
Sig. 0.000 
sb2_07 Fragmentation and poor organization of 
CI 8.7 
a. Kendall's Coefficient 
of Concordance 
sb2_08 Domination by foreign and multinational 
firms 5.9 
sb2_09 Domination public and security 
companies 9.1 
sb2_10 Domination by the informal sector 7.2 
sb2_11 Lack of planning 10.4 
sb2_12 Low and fluctuating demand 9.6 
sb2_13 Poor utilization of local BMs and 
technologies 8.7 
sb2_14 Inadequate capacity and inefficiency in 
the BMI 8.8 
sb2_15 Lack of specialization in the supply of 
BMs 9.7 
sb2_16 Low technological development 10.0 
sb2_17 Lack of performance measures and 
development indicators 10.2 
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3- Working environment and 
behavioral factors Ranks 
Mean 
Rank 
sb3_01 Poor level of professionalism 4.9 Test Statistics 
sb3_02 Disregard of professional ethics and lack 
of commitment to duty 4.5 
N 184 
sb3_03 Bureaucracy 4.0 Kendall's Wa 0.066 
sb3_04 Delays in payments 5.1 Chi-Square 84.826 
sb3_05 Corruption 5.3 df 7 
sb3_06 Inappropriate management techniques 3.9 Asymp. Sig. 0.000 
sb3_07 Lack of coordination 4.3 a. Kendall's Coefficient 
of Concordance 
sb3_08 Lack of motivation 4.0 
    
  
4- Factors related to Resources 
Ranks 
Mean 
Rank 
sb4_01 High investment costs of production of 
key BMs 10.6 Test Statistics 
sb4_02 Lack of finance 10.3 N 169 
sb4_03 Lack of infrastructure 10.0 Kendall's Wa 0.070 
sb4_04 Scarcity & shortage of BMs 7.8 Chi-Square 200.646 
sb4_05 High & unstable prices of BMs 11.2 df 17 
sb4_06 High costs of delivery and transportation 
of BMs 11.7 
Asymp. Sig. 
0.000 
sb4_07 Shortage of plants, machinery, 
equipment, and spares 8.3 
a. Kendall's Coefficient 
of Concordance 
sb4_08 Poor quality of locally produced 
materials 8.8 
sb4_09 Poor locations of BMs production 
facilities 7.4 
sb4_10 Reliance on imports 8.7 
sb4_11 Lack of technical knowledge and 
management skills 9.1 
sb4_12 Shortage of skilled Labour 10.2 
sb4_13 Lack of training 9.8 
sb4_14 Lack of interest in corporative human 
resources development 10.5 
sb4_15 Lack of central training body 10.2 
sb4_16 Low wages and salaries 9.5 
sb4_17 Informal employment 7.6 
sb4_18 Poor working conditions 9.2 
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5- Factors related to supporting 
systems Ranks 
Mean 
Rank 
sb5_01  Inappropriate practice codes and 
procedures 4.6 Test Statistics 
sb5_02 Lack of quality assurance system, 
standards 5.1 
N 194 
sb5_03 Inappropriateness, inefficiency laws, 
legislations and regulatory instruments 4.4 
Kendall's 
Wa 0.036 
sb5_04 Underdevelopment, and weakness of 
institutions 4.7 
Chi-Square 56.405 
sb5_05 Lack of a professional body for the 
development of the SCI 5.0 
df 8 
sb5_06 Lack of coordination 4.8 Asymp. Sig. 0.000 
sb5_07 Lack of research, studies, information, 
and exchange 5.3 
a. Kendall's Coefficient 
of Concordance 
sb5_08 Inadequate R&D programs 5.1 
sb5_09 Poor linkage between research and 
practice 5.9 
 
 
Ranking of Factors attributing to the under utilization of 
local building materials 
  
    
Mean 
Rank Test Statistics   
sc1_01 Lack of government strategy and vision 9.4 N 181 
sc1_02 Lack of development and poor quality 8.1 Kendall's Wa 0.121 
sc1_03 Lack of education and training 8.6 Chi-Square 283.857 
sc1_04 Weak role of financial institutions 9.0 df 13 
sc1_05 Lack of standardization and specifications 8.2 Asymp. Sig. 0.000 
sc1_06 Lack of plants and machineries 6.5 a. Kendall's Coefficient of Concordance 
sc1_07 preference of clients and users 6.0 
sc1_08 Designers orientation 7.0 
sc1_09 Non-durability of LBMs 5.7 
sc1_10 Limited variety and applications 6.5 
sc1_11 Application of inappropriate materials and 
technologies 6.0 
sc1_12 Inappropriateness and rigidity of regulations, 
codes, and standards 6.8 
sc1_13 Lack of research 8.1 
sc1_14 Poor linkage between research and practice 9.3 
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Ranking of the Evaluation of specific 
aspects 
    
Mean 
Rank Test Statistics   
sc2_01 Role of BMI inefficiency in delays and costs 
over-run 
8.1 N 173 
sc2_02 Role of errors in ordering, specification, and 
timing in delays 7.6 
Kendall's Wa 0.139 
sc2_03 Participation of local firms in manufacturing 
of BMs 5.5 
Chi-Square 287.815 
sc2_04 Level of imports 7.6 df 12 
sc2_05 Degree of development of local materials 5.5 Asymp. Sig. 0.000 
sc2_06 Degree of protection of local industry 5.1 a. Kendall's Coefficient of Concordance 
sc2_07 Overall efficiency and productivity 5.9 
sc2_08 Level of waste of materials 6.9 
sc2_09 Effect of BMs on the quality of construction 7.2 
sc2_10 Just-in-Time supply concept 5.8 
sc2_11 Effect of the quality of workmanship on 
waste of materials 8.5 
sc2_12 Effect of supervision of workmanship on 
waste of materials 8.2 
sc2_13 The effect of financial bidding system on the 
selection and quality of materials 9.0 
 
 
 
Ranking of the role of stakeholders in the selection of BMs
  
  
Mean 
Rank 
Test 
Statistics   
sc3_01 Designers 10.1 N 184 
sc3_02 Contractors 8.9 Kendall's Wa 0.247 
sc3_03 Sub-contractors 7.3 Chi-Square 546.214 
sc3_04 Suppliers 8.8 df 12 
sc3_05 Clients 9.5 Asymp. Sig. 0.000 
sc3_06 Unions 4.9 a. Kendall's Coefficient of Concordance 
sc3_07 Employee 5.6 
sc3_08 Workers 5.1 
sc3_09 Local authorities 6.3 
sc3_10 Research institutes 5.4 
sc3_11 Finance institutes 7.0 
sc3_12 Insurance companies 5.4 
sc3_13 Media & advertisement 6.7 
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Ranking of the criteria of BMs selection 
  
Mean 
Rank 
Test 
Statistics   
sc4_1 Specifications 4.1 N 197 
sc4_2 Price 4.1 Kendall's Wa 0.194 
sc4_3 Appearance 2.9 Chi-Square 190.955 
sc4_4 Client satisfaction 3.7 df 5 
sc4_5 Consultant satisfaction 3.8 Asymp. Sig. 0.000 
sc4_6 Contractor satisfaction 2.4 a. Kendall's Coefficient of Concordance 
 
Ranking of the problems of TT   
    
Mean 
Rank Test Statistics   
sd01 Lack of awareness 8.2 N 184 
sd02 Lack of government’s fund and policies 9.7 Kendall's Wa 0.058 
sd03 Weak role of public projects 7.9 Chi-Square 148.724 
sd04 Lack of scientific and technological infrastructure 8.9 df 14 
sd05 Lack of professional bodies for screening and 
diffusion 8.4 
Asymp. Sig. 0.000 
sd06 Ineffectiveness of technology diffusion networks 7.6 a. Kendall's Coefficient of Concordance 
sd07 Incapability to innovate and benefit from TT 7.2 
sd08 Lack of linkages between various agents 6.9 
sd09 Low investment in training, education, and R&D 9.1 
sd10 Poor linkage between research and application 8.9 
sd11 Lack of documentation and dissemination of 
results 6.3 
sd12 Lack of information 8.2 
sd13 Poor social image of local materials 7.2 
sd14 Reluctance to apply new materials and 
technologies 8.0 
sd15 Concentration on cost minimization 7.7 
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Appendix  8.12: Calculated (β) coefficients of Path Analysis 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .424(a) .180 .176 .757 
a Predictors: (Constant), Lack of awareness 
 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) 
.956 .084   11.330 .000 
  Lack of awareness .395 .060 .424 6.546 .000 
a Dependent Variable: Lack of government’s fund and policies 
 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .299(a) .089 .084 .988 
a Predictors: (Constant), Lack of awareness 
 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .709 .110   6.437 .000 
  Lack of awareness .343 .079 .299 4.357 .000 
a
 Dependent Variable: Lack of professional bodies for screening and diffusion 
 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .551(a) .303 .300 .759 
a Predictors: (Constant), Lack of government’s fund and policies 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) .236 .105   2.254 .025 
  Lack of government’s 
fund and policies .599 .065 .551 9.234 .000 
a Dependent Variable: Weak role of public projects 
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Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .491(a) .241 .233 .925 
a Predictors: (Constant), Lack of government’s fund and policies, Lack of professional bodies for 
screening and diffusion 
 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .416 .130   3.198 .002 
  Lack of professional 
bodies for screening 
and diffusion 
.362 .071 .354 5.099 .000 
  Lack of 
government’s fund 
and policies 
.280 .088 .221 3.185 .002 
a
 Dependent Variable: Low investment in training, education, and R&D 
 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .434(a) .188 .176 .748 
a Predictors: (Constant), Weak role of public projects, Lack of professional bodies for screening 
and diffusion, Lack of scientific and technological infrastructure 
 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .342 .101   3.383 .001 
  Lack of professional 
bodies for screening 
and diffusion 
.145 .058 .182 2.496 .013 
  Lack of scientific and 
technological 
infrastructure 
.136 .080 .141 1.698 .091 
  Weak role of public 
projects .199 .074 .220 2.688 .008 
a Dependent Variable: Lack of linkages between various agents 
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Model Summary 
Mode
l R R Square 
Adjusted R 
Square 
Std. Error 
of the 
Estimate 
1 .436(a) .190 .177 .887 
a Predictors: (Constant), Low investment in training, education, and R&D, Lack of scientific and 
technological infrastructure, Weak role of public projects 
Coefficientsa
Model   
Unstandardize
d Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .010 .124   .084 .933 
  Lack of scientific and 
technological 
infrastructure 
.302 .091 .264 3.311 .001 
  Weak role of public 
projects .052 .088 .049 .594 .553 
  Low investment in 
training, education, 
and R&D 
.223 .066 .241 3.391 .001 
a
 Dependent Variable: Lack of documentation and dissemination of results 
Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .480(a) .230 .226 .799 
a Predictors: (Constant), Lack of documentation and dissemination of results 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .743 .071   10.450 .000 
  Lack of 
documentation and 
dissemination of 
results 
.444 .059 .480 7.572 .000 
a Dependent Variable: Lack of information 
 
Appendices 411 
 
 
Model Summary 
Mode
l R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .446(a) .199 .191 .821 
a
 Predictors: (Constant), Lack of scientific and technological infrastructure, Low investment in 
training, education, and R&D 
 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .246 .113   2.169 .031 
  Low investment in 
training, education, 
and R&D 
.281 .059 .323 4.781 .000 
  Lack of scientific 
and technological 
infrastructure 
.243 .072 .226 3.348 .001 
a
 Dependent Variable: Incapability to innovate and benefit from TT 
Model Summary 
Mode
l R R Square 
Adjusted R 
Square 
Std. Error 
of the 
Estimate 
1 .579(a) .335 .321 .688 
a Predictors: (Constant), Lack of information, Low investment in training, education, and R&D, 
Incapability to innovate and benefit from TT, Lack of documentation and dissemination of results 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .274 .087   3.155 .002 
  Incapability to innovate 
and benefit from TT .241 .062 .268 3.900 .000 
  Low investment in 
training, education, and 
R&D 
.162 .053 .207 3.063 .003 
  Lack of documentation 
and dissemination of 
results 
.198 .060 .233 3.323 .001 
  Lack of information .068 .065 .074 1.041 .299 
a
 Dependent Variable: Lack of linkages between various agents 
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Model Summary 
Model R R Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
1 .507(a) .257 .250 .760 
a Predictors: (Constant), Poor linkage between research and application, Lack of linkages 
between various agents 
Coefficientsa
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B 
Std. 
Error Beta     
1 (Constant) .380 .094   4.055 .000 
  Lack of linkages 
between various 
agents 
.287 .074 .267 3.894 .000 
  Poor linkage between 
research and 
application 
.293 .060 .337 4.928 .000 
a Dependent Variable: Ineffectiveness of technology diffusion networks 
